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t^- r 



i 



JLi (Basic Books <j~S^ ^iJL>Jlj 4 ^L) Erwin Glikes (J S^s- 

. LL5 J«»-f 0^ t Daniel Bell Jj . 3 LJ JL^» L^p 

5J-.JLP- ol^k^> Jb- ur ^if i-JsP CJtf oljlJl jl dUi J! 

.*L>AJi iU^y>j ^jiuJail ^y Jl <15 Jk 3 A^J 

jJSVl La Si cJj-^l ilJU V L5 

1 JjVl <-JUl y> 4JL. ^ Jjt Y, t j^j| Uju ^ ^k^^JId 

1 0 ju ^ V L5 <U>J ^ jVl L^i ^ ^Jl 

iUai* A-jjiaJ jj-fU Oip ^1 ^ t ^_^j>J S^^l jJtjJI olj^Jl 



4_JlP^i y t 4j ^JxJI oJLAj t j j£S\ <j\Ju J Oil ^>JI ^>t* 

J j! i JjVl UJaJl JbLfJ J jf (, JjVl v 1 -^ <W J OjS^I jtf ^15 
©Jut a^JLj^ <uf ^Lj^iJI jUuif! ji . JjVl ii-Jl il^j 

Sjl^ i^jj jl bJ ^Jb jl ^,^:..,> -ulj (.L^» ^Jb«Jl ^JUJl JL~JI 
I oJLS" t ^jL^-^Ji <£J — «j t'uiliSj tsJjUu jl -w-Hi a JU J j j_So*1 
N! t JL^Jl IJU J Jia_^ ^Aj LjJ ^ fc Uj* .^Jl l-U Jp j-UJi 

LjLjuil o-Lfc o-l>*i; j^l ^--kuJ LjJI JUiu jl Lap- aJI 
ivoip IjLSol J>ol jf JU 015 <of ^ ^ijl J*i . LjLjJJ jf W-^j j,^ 

Ijlp L. IJL* J oLJ>Lj ^1 N| iU Jb- Jl sjj^v 

a_Jl£" J_S" i-jLyu JlP L^j>y- jj_S"l jl oJjb- JLij .dUiilj *-L J—^ii! ^ 

L^Jl->3 . J^-» ^Lj5 uiJu cJjL^- ^1 N IJU 01 j-J> 

4_j>-yj t^J^g — 11 Jlj?- Jl a> j^t ... : N 4_^Jj (.oL^iJl jjili J^liJj 
Lv^U ft,j;jUil J-^^ tl— * iJUU>JI jjf jl iji LJIj .iJbo oLjX aJJ 

JJ A^nla^Jl ^^»Jl jjii*-; j j? jla:'.^ -cSJj t <_5~*J *^ * 

. Lfj j_^-> jl 



1 



^^i^ ojj W 4 — i; ^L33l \ gU , ^1 £-^>JJ 5_iJL>- J-£ju; 

^1 oLjL^Jl jl ^>J| (> ^J J .4i>i!lj oL*ilJJ iJUJlj JjVl 

Vj t L« 4_lj^Jl J ^ t^-jjj^-^l J UU 

C~>-L^ 5-Uj iojL5 Jj>*^ c A^i*^*!* ij-dJ JUv<Jl ll* J 4ijU^S 

. ((o-jlk ^-1 ^» jl^p o>J Ifr^j) A^au^O- 

JL^ J jl V il t^L^ {/^j* 0* J»jt Jl LS 

l^J-jUj)) jIjl, iiL^i . i^jJ^^^Jl eJi^ jJL, ^JU. LbS" JI^Vl y 
Ojh^i J pJf^Jl ^ 4— IjAJ ^JSj tr UJl lJufrJ 

^Ll^ij t i-Jj>Jl r ^JJ °>l^r~JI iu-JaJ! Jp- Ja>Jl5 : JUJl 

Jp o .1 jJl iJj^Ji Fricdmann jUJUyj Dc Sitter j±+ t j~ J J 

C-r*J tir- • ^ l£ LjUaS ^ Ijlp \Jl» toUJI y>.Jl 

Jp lift J 4 — -IjjJl jl . i*jU i**\>- i-ljX 

Jr JI Jl ^Ul jljjl jy>UJ jjjUhJl Jp t jjSJi 

. mo pip J iyu-LJI i^-bO ij^o*! UUJi oLl^l 

^IjJI U^i -y> L.UI I^P J^JI ijii jf v 

i JUJI J^iJl J ij^-js J^J^ L> c^S IU t j£JI ,jlJ 



V 



4_>|J_; ^J-Lj>«Jo ^1 oL^-jJJ Al,JU>tJ! Oljjjaljl A_jc.l^» ^^U - 4-5., » 

4_>Up < *- = irjj jJ— if lilta ^<>j .wibSJi aJ cww^ La y>j t 
i^^J^-^Jl |>Li^l ^just J^>- J*-*-* J^-- 1 ^ j^- '-^^ t_5-Ul ^cSjLaJI 

ikdJi «JlAj) >^lo JJ ^^uJuJl £A*Ji}U j-UaJI j*- c^yrdj 5 ^ 

v-jI^II li* ^pI jjt ^ V dilj> . (^Ul J^aiil ^ c^i^J 

Bcr- lijjj . ^ <. Ralph Alphcr . j ^U 1 - <^ry, jSJ*\ <jf jjfj 

.j (George Field jjLi . ^ t Robert Dickc <JJL^ pJ t nard Burke 
t Fred Hoy le J-ij_a . <. Robert Herman oU^-a .j (.William Fowler 
c Bill Press ^jMy 1 Arno Pcnzias (j-L^ .f tJim Peebles ^Lw 
ojjjl ^JJI Af?JJ t Robert Wagoner ^Jji- 1 j .j tEd Purccll J^j^ .1 

.1 J\ Uuj ^-S^JL ^yfj -LgJ^ jJU^I J IJU *l^f I yuu^ l^jAi 



A 



jLS . p iY. Bernard Cohen j\->j->. • <S i Isaac Asimov 

cyj^jj (J^^ oLa^i^JJ t Philip Morrison dj~jjy> .^j> i Martha Liller 
Nigel jjJlS J-^~J Jr^^ t ^>l .,^1 i?Ui Sj_p J_p- Ifc 

«-1jLjI» J — ii; -oVj CAULS' itl y ^L50l \X» j» A_*ij J jl <£*\ y6 Caldcr 



^ .M— «Vl ^ ol eh *ao t Jcumc Edda ((S^—JwiJl 5^1 » J 

dj}Jjj^ .(j- ^JJS-jJ/I JJUII fUJl Jl_^ L^juk*- Vr-ejyJ' 
;2:>Vi Jj_i? ill . jj£Jl sL.,.J y: . aj Ju- ji^tSnorri Sturleson 

J _HTJ X> . . - 5>ii <l>L* J- X? ^ < ^Ji 

Jl_JL>JI jj^j J^Li* JLi*J ^»jl*J1 Jl*-Ji J : k jL£* J i-JLaJ 

4 ( ..^ L ir> Jl Sjl^j . (Niflheim, Musplheim) ^L^yj ijUlj 
. Audhulma Uj-wt iS^i JLJ jlS" «jt jJU ?J5"L jlS" liU <_£ j .Ymcr 

«U»f w jis «d x V V ?yUi 0 JU ^ttfc cJl5 ^JJl U ^ 

oL^l OL^ j_J^ j*. _ ^ Jl c^t of ^ J 

iLljJ ^jJl iJUb jl t Jjjf Ji>\ ij&j .^ALiJI 

J,fc J* Lpjj Vf Jtf LiVl J* d-J Vt uw 5^1 of VI 



J-S" JLp O^SCil J—*f aT — - o^-U Oj-*£UJlj j^L^I dJLiil L. t ^JLp 

tyUJ Uxpj tUtU L$J oj* ^1 S^UI ^y OjSOl J^f iJp of 
0^ *>>-; cJL5 t ol ;, , ... ; J| J y^f j^f J^) ^UJl 

g N .Lfci 4x5j of ^JUJ ^wij ^ ^Jl j^Vl 

^-^cijfcjl or- olJuLUI ^ ^ U i&Lj J&j t 4U 

JL*f ^ l^Jal o{ j] to^Vl j^JI Olj^jl <y O-jJJ jj^Vl ^Jj 

.a^LiJl ^»j-«JIb LJLp L^j-pju j-j^IaJI of Jju>* c-pli tjjSOl 
. J jSOl &y>*j> Jjp- iii jiS^ ^a^jjJI j 45L>JL LgiaU L^53j t(bang 

*■ 

J-r^U; ^y iJLJl J^^Jl J^.jcu>, Uiu . iJUU oUJI ^jucj V oVl 

sJUsUJ jf <jj}\S IjUiJi ^ <c£jj ijUJJl dU*- t^jJi <y 

.oIJp L. J£ ^ J-S" ^ysj tft jL_Ji X* «df ^UiiJl btJ cJ^lj ol 

^ Uilo t <u> V OjS" tUii ^ of jj^Uj «a1S" *Uiijli La Uyj 

NY 



OJ_>«i jf ^jSU-t <]a?J (Oaf _4JliJl y> Jlp" J* 

* f 
j-^LjJI cJL* N-bj ,L$£jUij Jai>J jl ^^SUj N <. ^jJlit <£jJl uT 5 "-* 

. iJUJl oliUaJI <y 4ija>JI *L»js«Jl ^ 

j all ^Jc&z** <. cjI^JI IJla <y Lib L^i^UaU- toU^-^Jl oJla 
ySVl CJ yJI J^>j c j^JI LjlJb J bo* U jSSl oJK ^Jl ^fJAj 

tiJL^- frb^gSo iij_j>*JL« o U y ^ ^ybj ioL>jyS3Nl jj^Ji 

. Iiwa. i L> cAJj^j^JNI ^y Lg~tx5j itUyj 5j^>t-La ^yj '^^j^ij^' 
iilkll ob ^-.L^JI ^y Nl jj-^l ^y UU UJl^J N ioUjj^JjJI 0 Jla 



* 

^ J^U oLr-^ SL»J ^la.T ^y (5_aJU3l 5XJl>J1 ^_^Jl jf) Super-Nova U^^JI (Y) 



Ll<dp J_aJ . oU~~>Jl *^ ./itfU jl lJUu b«5 Jbu *ifl »j«aJl ^£Jj 

^La« ^ dJLLJl J_>-b oji IgJ Ji^j Zy JS" ^ai ■ 

oUjJjiJl JL10 jl aJUJ •jj-JI <>* AJUaX* iiii 

0j-5Jl *>U-» jL£ ^JJl eja^di <_^j . *j-r«Ji ^-j" <-i^ oU5jIj 

^ jjtj-^J L-^tf oLS" cS3j <. LaL- bJL>«^ ^jSo IjoJU* . l j 
oU..->Jl ^ j-a...*.,^> iwj tiUiS' JU>-y cJl^j ,*LJI Wilis' V x^) 



- - • tjyy j' jrtjy y °j >*ii^ 

jlJj . ^LjJI ^ij-gJl ^^ms *LJ l^.iJ *^>w i_wiL»^li ;L*i3\ ^ 

. la^l axJl I Jut 

jUU f Jl %\ :5jl j^Jl a^-ji ciu j^VI ^-jb LJ5j 

ol jUU V J i L,[J}\ j±* J\j^- Xu i-jji. ( N ' > • xr) 

^f ^^Jl fx; of olj^jjjJIj ^kjj&y} ^jji 

Oj-^-l Sjl^Jl jf ^ . ii^l j*. J[ otlfcf c^^l tX* 

jUL. J^l o^JI jSUjJI ol^J J i^l oJJU j>- tJ^L. vJJJS ^ 

Aii^ji cj15j .x-ij jj^j x-ij oyj^ ^ oj£Ji (fji^i jf) J-aN 

iw.L-1 Sj^. U)> jjS3l ol^ Jjl\ J^UjJ! ^IgJ ^ 

^f t Ju^t j^j a_-jj . pUttl oUalu; L^l^j l^jl ^ cJit Xu ijtoVl 



,JLjb ^ d J! ic-ikJi iSj-> c^: ilLjbj l> js^sJi jUdt 

• ^j^J J^ 1 j^3l ol^ jj-SoJ SiUl jL^! J[ 

^LJaJt Ljlfr ^ LAL, iL^ oJL5 f_^Jl o^j} < iJJ)j jA\ oU^aJ! 

^ ijujl ^ JjVl *>*Jl Jj_^ ^1 4<j£ *jUI t 4_^i: ^aJl 

J»JI fj_J ^-JLko 4JI ^ ,4-IaJI 5^)11 Sj^k*,! ^ 0 Jl>*: ^jj) JjVl oUI 

. i>jiJl i^o^Jb L-a^aXj Ajjiii J-AA» ^ -teJ . jLL» 

jjL^ iStcady State a^jl^^^!* ^ — Jl c^U-i JLi* 

Thomas jJj—c- . o> 1 Herman Bondi lPJj-j J-J oLj^jVI 
d\S c (Fred Hoyle J^ys JJ ^ U Ip^ iibio. iw^j) tGold 
JiJ^j t L»jLLJl S^UiJ -Jla jU ilU : JwJU jVl y> U5 L*b 

\^fi>\ ja\ L^Xw itjjiJl oJL$> . otj^wJl oUl aS"^ ^JL5i £jUJl ^UaAil 

jis-^l J^a; ^ .0V1 L^i> ^1 Sj^l 1* 0^1 otf OJ j-i 6f 
J^l liUj ^^UJI go^l lii liU ttSjl t J*L^ U 

^jL5j Jai-aJ i>wi oLS" <i[ Jlj i i*£UJl «-L^a]1 ^Upj j-Sb jt ^a. U 
i-jSCUJl frb^iJl 4jPj_^j* JL-j-^j ^1 j^aJ ot jj^Uj i^Xi oj_fcj . ijL^-l 

Lo^jii jjJUJI j^-^-L^Vl jj^JiJ^-'^ ^ O^o^m /^ajUJl ^jjJLdill j] 



t ibj_J\ oUUa-uJL ^ ^ ( pLJl £j>J iSjJL- *A£>- *Jlaj 

^_jUa> 1 Jul ^j*J tA-L — Jl Aj^iajJl ^»lS^Vlj tOuU^Jl ^Jtj j-a}\j 

jJUoJ! Ji Sjj-Jl dUi UjpL^ S[ .j^JI LlJb J iJUSL. oJtf 

a j.* s3 . > %jj al\ 0 y ^JjsLui t ^a^iJJ lift jJ^ ^J^\ lo. ' . j . -l l 

. <CP *i»Jb*;t U U>- y^f ^ISj 

,_y-L^I ^ij^JI lA*^-' i>- ^ 

b-lja jup li-SLUI ^Ljj^l J jt cL^uJI J ijkJI jlS^Vl Ujifj i^j 
iUtfj^i ^U^h >--r J ^U!i ^.j-Jl ^UpVU .y.JuiJb (JJVI 



^ ^.J^ 1 Ciljillj fj>Jl, £*\ ^>wJl Ua^- Ji c^-SUii 

^ ciUu- vX'J-J^j .oljJUl jJl SJj^H oUy^Ji ^ £Ju J 

^1 UUuJl tS^Vl ^MJI JSISjJI oL^jdl J^f 

Vslr=! O^J) • J^ 1 ^kr~ 0^1 I4I ^ 



j-Uj N j-.Vl IAa jl p_J! ^ L^Jj cp^JL i^^Jl *U~JI Jie- 
ol^u jLfll oil. 

*kui) JUJLi ^ *L~J1 J I^pUjI Jjls ^ ^JUJJ t Ul p^Jl ^y! 

cr" ^ ^ ^jLJj^ ^ ^Jj^JI t U -b^ Jl £^~Jl 

Jlj->v 4jJ v JI ia>- JU tpj^ oL>Jl ^ Uij y»j t * — dJf 0"! 

11* jj-e-b ^ji^Ujl jl . (±-*rji * , * * Y<\ ajJi tijJ— e^jlj Jlfcil 

^y&O ^LJ»jVl jl . aS'^jj i£y*U*Jl JUiVl 

^ ^LiSj jl ^^SUj N jlJI 4k^>L_Jl jf ^y>- ^Jb^j ^Jco SJUjJl 
jl . j_a ^ ^Lk-;Ni IJla jl b£Jj .i^UJl 



iJ^i^^Jt yL- j jf £pL~J jf Lj^»j 05J_1p l 0*V^ ^ 'j^! 0* 

jf L$J ^ ,J tirjJUl ^>J( y oijJUl t^Jlj ol^JI 

4jIJj» o^pJU U jA (-LaJI ^^Ujl) a*Jt . JiLwj ^y^- ^j 3 ^ ji^J 

^r-LJ ^SliiJl o jMa UK x^jJ ^ l^j ^ jl 

U-U*3 . vr ol5 Jl* ^ ^ >^«* ^ ^ Dopplcr 

JUiv-l ^ J^ai: jJl v_*jJf S y^Jl jU t jSU- ^ S>>L» vjh*^ 

J .si'oj Jb o_pJi ^ (ij^^Jl Sy>UaJl j>3 J^v^l* A^-y> j£> 

iJU^UJl jli clip £iJl jlS iil U! .^f^l U-»jlJu*i 

J5 j^l iU-ftjlJU<pl iis^UJl SyiJl ^ Jj^l dj&~* <*<ji?j* JUii^l ^ 
^ . . . JjI — Jl ^ ^LU J>f Ud> U! J^. jbr« jl ^ 

J>JuJl ^ ^-J-^ J^j-^ ^ , ^ Ub -? ■ ^TJ^ 1 J^ 1 A-Pj— <^ j — ' 

jl ^UJI jV t^^" j?»}zj> ^j_t, JU^I J-^i; ^1 a^jJI 

JLiX^Vl -UP U ^JL^- 4»jaJ1 j t ^ 1^* . JjVl ^ ^ail A^Lv* 

Y 1 



^JUa^-l jj^j J^^ajjj ^jdi oJuJ\ j (, l J ^J?) AiL*^ i!L-j J£ jL^> 

iiUva jb>*i^ <JL-j JS" jU t ojyJl J 1*1 . J ^ ^S^. 

^l^aVl J aJ^w ^Ju J yJi-a ia^-tAj t j£-»J oJl* U»LI ^Sj 

Ja^-'^Ui tJLvlj oL>Jl olj ^i^. JwJ^ iiU- Lf U > aJaJ jl ^yiSC jl . ^J^aJl 

(j-S"! 6j_;Ijjj ^-Jw*? ejjJ jl oJ->- j-^' ojU— )l il^>«>» ^_ r ^W' 

t jL^-w-jj— ? jL*j_^- jl j~Uj .-XtdJ L»-Up U« SjUJ! jj& Ujop 
3j_ftUail oJl-a Jl jLi! .y Jjl jL£ t^l^j J Jj_JLLj J oL^Ljl jUJ 
.iJ^I ^yVl iiU J US iJ^iJl <jl>- J ^JJjj <.(U*Y ^Ip) 

i^j>tJ J Buys-Ballot ^JL _ ^ j—^-i J^ij* j^y^tr" iS-^Xrt^ 
Oj_*ic-l Jij . iji^>rj^_jjl 4 _y-l J 0j_;., : 5 ip^— j ^jj^fj^Jl « — oj I ojh^-l 

* t i 

IJla l JLc_ ? . ( c tJ^.jhjL s^Lp L$JI jl—ij) Uj_S otf ^p^—j £1 yS\ J 
jV ^JLijj tJ-UcJl y> JS\ p^Jl oJu jJl^j <, ^SVl vr>JI 

->i^ cr^J • <-? jLp -r?^ cLi -»j J-^J 4^i^»Vl 

Y ^ 



^SO, 4 b Ju-~, ^ Jjj^t ^1 jV cUJS 

lu* ^jlp f>. J jl«JI j^JUi of t jjJi aa± JjjVi p^ali 

j dUi Ji <-aJU5l Jl5 Joseph Fraucnhovcr 
^ju ^ttPct* j^i u-^ 1 *J-^ J~^ ^ 0^° - UU ) SJ i ap 

.j dUi Ji <k^N Ji JojUJI .JU ^ ^ <^J) cr^ S JJ^ 
J ^i^j L^53j MA' 1 ? J William hydc Wollaston 
OijJVl xp LJb <ui*Jl ij»jJaiJI . (Ai-A>- i-ljJJ 4 j ff3 JI <iA3i 

iu^JI . aJg ii ,y iJb^* J> lp> JS> t^Jli 

^kJi ja j+j L-XP jUSj ttjt- oUy JljJ»t Xp (^t 4A^tU 

^ JSj .L~J V jy> ^Dl ^jUJl JI fJ ^U ^Ul 

oU-j^il Jl>f ji UU- pUj) ^jVl U^J ^1 liilj ^ ipjjfllj 

Ojj^l i-sUaJl Jl^*J ^l oU ^ilt ol> r Jljl^f Ja-^L ^ 5^I*JI 

OU^JI J William Huggins >upLa .j ^l pi ^A^A Jj 



YT 



J 1 ^ ^ jJ1 r^ 1 <y 'cr^ 1 A?- 5 ^1^1 f 1 *' 

4 *J Jalj^JI iaiJl Jji? jS\ (5>aJI) Capella ^LjlS" ^>^\ 

til j^J^I IJUbj 1 7 * , M tiUi, i i _ r ^>\ UuhJ Jb'UJI 

, Jj«-3 oUl>-j i^jiy<J\ p>«Jlj 4,_ oU-li-U^ APj— ' <jc~*^ j-^J^ 

J J*- 4iJL_j lf~*J j^Uj ^dJaJl J^^ia^xJ SJjUJl oU-^JI Jl^jsf jV 

f^jj iJUL oL^JI Jl jA4 J jl jl>J1 ^y Ji>J jl \jjU 
-Lp-j <^^3 fc <_A?~^ £r-°^ "^V ^*-f* U-* 3 ^ 

tU^i J^L* AaJ* Js»^ia>- j^r*-* tlr^d '-^r'V \^ p J >^ jL«c<J 0_^j jf 

iiJUsP jIjJ^ '-ii j>«l UlWf 4 AS ol>jl jJa! of L*laL-l lib . o ^aJI 

<l~>y t4-JU- ^^(uJl oLjkJ^/I ^y LS oJUtfj oL>Jl ^y i,^^"! ^y <up^ 

j^—i Ujlxp Ml ^jJj^-j-S' a-^a! oli ^ J^i« ^53) 

.U^JI r ^>JI ^ 1^ Jb^Vl *LJ,Vl ^iLtf i^lj^ ^ Oj^Uil 

j-UJl JP LjJl->^j c^LJJJl *L*~JI J-«Lj J ,^a)t !jL> Lifju. J_a) 

^ p5l j^J, ^US JLp Sj^Ap jl^LU Lu^Jj .^^JIj oIjL^-JIj 



L.L5 Thomas Wright cJj . o j_a <£)i»^i ol jjf ^JU? 4 Wo * 
jf V jJj t o^OJ sxj*. jf iL^I U^y. 



a ly Lw. (^^1 (Jj^-* </) ^ji-wJl lift Uyi! ^>-y [aXj> p] WjJ> 

«cS"L<wj i kZj-J> A * * ' * o y^J of* 4 p^>J <y» o ^aiJut £ yb 
J* Vj-^ {j* JL>U^ aJI J . iJj-^ V • * 

ot U JL>- J J i*U ^ Ol j jjJUj ^jajjSOUJl 

0 j-Sw- 0 oj . jLiiJU oL^jj^l>- oLcIji j y4 ^ 4 AJliJl ^ 

.«ljy>^.» J^J L*^> tSy^l 6 JLft L.U 

t A_oLwi aaa, Andromcde iLJL~Jl of^-JI ISjS ^J* . ilLJlJl 
. ^ ^ni fLp ^ i/r^ 1 u^^' V" J"^ 1 l^-j^ 1 



^UjA-^a JjLJi j-^J |j_SCftj . oL»JL_<Ji ^ytj iflU. j^gJ jJLJ <-L-ii 

^Jt H» <aJ|j^p Ij-rrf-* 1 ^ WA\ ^»Ip Charles Messier 

. . .IJ^Uj .Ml oU^^Jl p>Ju-j <.M3l c _^w 4.1 1 Jl of^l 

ci ^r^J . (M45) Ij^I^ p 5 ^' fl?^ ^ U-^V , «JL?-1 j ^ 

jl p>J 5j j-^j t UIp i>jJu>j t ^jbji^JI jUJl ^ ^p U^p cJlS" 

jl p-Ji oj^-i^Ji j»j . (M42) Oj-tjJ ,y ^ jUJl ^)J-J15 t jJtSf 

^ > g.'.. lf iT ^ ojjS'JuJl <-L^Vl <JJ£ vULSS .^1^31 IJl* ^ 
olj-Jl ^j-L**/ L^aj . La jl_>- ^1 ^ li r, « ( y*JLU! J-^ ^ Jt_~- 
objSLJLJl A-py ^S"Vl jAj t(M31) 4.1 1 J I 

M31 ^JJj j» . ^Ji*! J i-Jj>U j^jSt J j j^LUJl t jJLp 
y^p ^Ulj ^p ^1 ,y objSLJiil .M33 j 

cJLt l_LSUj t Lg-i jlL" ^^£3 l^S SjJi L^J 

Jjt jLS't Emmanuel Kant cJL5 J_jjJL^p o^JLaJI ot jJL-jj 
4jijp Xjni . Ijj ^>t*J igjL^a ol ^yt — !l cr -i»j UjU« ^ y Qr*' 
^_>jUI ^ t Woo t 4jLUl c^lj i.^iiJ ^1 

^ «L^u ASi Jlp jf» fJ_Jl ot tOljU— Jl 4;^j s^-^' l/^^ 1 



. IJl^ ;jl*> LgjV v_LAJJl» 

ljl_JLl»l LjJj_>ux»J <*_gjLJl*Jl C->l y>«-J( o^_4»jo j Sj_5U 0>^»tljt Jl. 9j 

. ^>b}\ j ^iil SjlJb J ^U^NL dUi *j Ja>«J jf jjj ^£Jj tU— \j 
^ c(«u :r - r » t g ,'../it ^> ^ j^Vl ^LJiVl Li* l^JJu) LJ^J 5JL5U ik-^ 

Jij-J! l$il J_>- Jl iSjUj tiSjU Sy oIj jj& jf A, M 

jiJI ^y> Jit* il^jl AjO ^jUI jl JU«Jl I A* J ^iA«j ^/j t 43l Jl »Aa 

ciiU)l -1*>-N AaJ . ^ 4-i U JS^j ^ip ^bJI j ^oUII 

j!» Uir f L* *J JU* ^ Agnes Mary Clcrkc £jJS . f . f cSj-J^ 1 
j^f ^ Ujfc t^SJl Ju-^Jl j^S Ojjb-j 4*— sj yt^JI <i — L — <kJl sf^Jl ^jAw* 

jl . ^j^^iJb 4^. ; ...ll ^L^-Vl J» CjLpj^j^o Up- ^yh ]| aJjfc jf bj»«^U-l 

jl J dJLtJI Oilj tpJL^Ji oJjfc ^y. ^| J C-JX^ ^1 p>*Jl otjUiil 
0_S">JI ^ -lJV vJjUi . ^U^-^l iJLjk Jt« Jp jf ( ^Jl ^ 

CJlS" li| . ^JUi5' ^ ^^p^ j^> |»-J — II ol* cJlS" *il «.LJL^ 
jjlj tJL^j ^Ll^ (^-j^l ^>JI cJlSCJ 

1 jj— al JS* 4JJ-t ^Jjs^jS jJU oli tL*j_^ «^>«^>«j cJli^ 

4^»j»*JI oljU^Ni oS* jt pJl ^iy«J ^y^j «Proctor» jj^j ^ 
^ 5^>*i^JI p_>»Jl aji_ft j| . « JLinJl o»L>ws» olij 

iy>yj\ L>J LjJ jv>xJl Jt OljUijl Lgjf j^^U^J fcUy^j^JI 



L>v^l 0* Oji 4-JjjA>Jl ^JuJi <^J? aJL-J (J ^5 yCi jt IU^Uj V 

Jl \MT {L* J Jv>j-l Jjl Edwin Hubble J-a .i oL5j .UjUu 
4jpl ji ^ Of *— a.. 5 :."^! _lJj . Aij^i p>«J U*Jl~JI otj_Jl ^JL- JJ>«^ 
JS^jJL; tjj^ Lfl«-U^| j-Jco ^1 i*^JI S^JtiJl ^>»JI (j^v l jc~yjj^ :> ^' 

J jt— -L- j *_Jj j_*Jlj LjJ j-?yJ> jr* <^ <_y oJ*->«j 41 — ■ — aJ 

c * 

01 J[ I ^laJ 16^5 4_-*_&l t-iLi^Vl (JugJ . Cepheide 

Harlow Jul Ji Henrietta Swan Leavitt o_;iJ . ^ Jl — «>i 

Ji t^jlijUb i«^Lj>- Jwf^ AiLvJi ^JLJl ol^J — 11 Shapley 

. oLaUj^I jJU J ^ jjl iplkjL^I y> jikjl 

0U*J :>JL>*j jJOl j_a t jlkjl V t y>UaJ1 jJ&lj . ScJi l\ jfi 

jUi -Jl jJtll UJ» ^ y»UiJi jJtxJi tiiji ^? .v ^ cfHI J 5 ^. 
^j-AllaJl jJUil iii^^L* o*J .(^Jljo gj::..o jl Lji^f tf^rJ t jLLJlj 

Olj ajj\~A LaJUj v^^>ij jl J^a i J^ft ^jSloJ c jj^ ^jlp Ijl^Ipi ^Jda^JI 

^ JUj JLp aJlJLm^JI of ^<Ji ^»j,!L^ jf Jj»-j _Ljj . iat— <Ji £jy> 

Jl_ju( je- ULflij ^Jl <J\ — Jl JUuf S^-i^p J^L>*j U <jf 4.4-^^ iJ— 

^LjO .j l^j o^»UaJI ojL*j tl^iJu j^jj o^JclJI ^yr*J' jj- 5 0^ ^*^J' 



YV 



,yj Jo cJ«i| 4_iL~o oJ^i 4 djj^~\j Walter Baadc 

.Lb^ jUj JU-j oUUj^l <y j^Jl %J tl^^S" 

^JLJl ol_kf 43 y*l* CJlS" Js^laiJi o-iA ^3 j . p-fcjJ 5ijjL> cJl5 ^Ji 

j}\ oUI 6 Jla ^ jL& . JjjVl jl Ll*+ lil^i 

jf ^jVl ^jP *bcJ ^J_~JI jf ^^U 5JVi t JLja J ydL* J>\ C-jJP U jU^ 

A-P^^—i V I ^ t-Jj-^j jJLJL-JI ol ^Jl pJ-L-*^ jl *>liiJ jJLa3 . L^la i_J 

y JUul ^ jJl ftl jIjJI Cj\^j> l^yS jf ^ J? t oUJl ^5 r « • 

<-S"j_^- <jp aL^LJ oLp^- p^jf yVi *-c5-iL-! <y J-Jj 

. ^LkJl ^ j-^Vl ^1 L^S" cJlSj t A^Lkll olil yJ^I <y Jblj> 
ot ^»Ji pi J — 5 -Slj^l |»JuJl (j^aju IwLp UJ (J j^^' ^ >>*-N of ijJC^ ^y-ii 

. j^Vi ^ 0 ^ J5 l^JlA? 1 -bcJ ^ ^ iS^ (. jU^^I *uiUp <u-U 
t^iLJ^S'Vl IJla 4_~ojb! J?bj ol ^ jf t^jVl Ujl*j 



YA 





> ^ ^ ^ ^ : A* 




^>^> J* **S*Jl jkbJlj j&i ~°j>^\ gift Jl .^jSJl 

j-ij^>) WljJl ^y^H jUJl fje& aJUUI 

. (JL* -Us ^ 



Cj-** t&H j f U ci-^ ^r-Vl k L>' r .JuJI IJla ^ ijp iu y a \y 



(t^ijMwii ^*Jl AJLki-L. JL. U t i) .l^o ^kjj jjl oULhuVl 
>Lj3 o-Uj .(ol^JLi JUUJI S^JI Ji u**. ^j)U53 



n 



^1 v^^iVl ^ M3I jl :M3I o^__£!l iUL-Jl of^-Jl 5 

jJLJ j^JI i_a/)Ul ,J ^1 JaiJl .U^ ^JL^. M3I ^Uxlt Ji^ o| 



ikJid* S^^l o.L5 LJj .UfLJl Sjj^l ^ ^Vl JLUI ^i>U jil^JI 



rr 




4mJ J) .^3 It /y glLw jL 

DISTANCE EN 
AMHfCS-LUMIf BE 



OtCALAGt 

■.T1S I F ROUGE 



Teoooooo 




I ooooooooo 



1 400 000 000 



2 500 000 000 



J 960 000 000 



1 II II 


i it i 




i it i 




V^/jT t MOO XM/Ut 



III II II I till 

TtPtTi tin 




^uji si^kJi ^ 

ol^^JI oJLjJ «XU3l c^«Jl ^j^ 1 ! /i"- 1 ^ i*j»-U ijij^jJI i4jU3l J»_jk>Jl . «-*-^3l 
<L-?-i>j-J ^-jLJ^f ^* «lj>oj >— a-k Jj-i io^-ajJl In^MJl Jj^kiJI) ,M\ 

J yui* «L>.w U^jf ^Ip Jj-L* ^Ua^Nl ^1^>- * — »1 U liU . uLLJI y (^^-^1) 

LjU J_jk c~jU jt ^L-f ^Jrf- ii....>- L* UJl jLUI oUl^JI) Up UjUjV 



C,B,A 4~*r->j^ Jb4J tO^UJI iJub ^ ^ 

l^— aJ ^ B A 43l~» of ^yUJj 4 ( \ J^i) SJ^Ij itliiJ JLp 

Ijl-JI op cA ^ ia_^>LJlB oJLS U^*i. . c ^ n aji <, 



oliLw J* '*s>jy dj& ^>y iJb-lj <*UL-I J*. C,B.A,Z ol^jl Jl^tj 

0=0*- a* **^- JI <J ( cr*^ tU *- lt 11 iiL — 11 V- 1 ^ ^ 



:>L*J ^ i_wl — o 4_5"^ — c- J-js Jar-*y 0^ • jr?*^ 1 ^ J 4_j*j>Jl oj_A 

. Ujly^L — i i-U-c- oIaj .jL^cAilj^l Jl^bL^pl jlaj ^1 

dLJi Jp i^LaJl J-^iSl £>-^ jjSz* ^1 ^ji%JLJI ^L»JiVl 
Jj^ ^JJiS" j^ jl cUj-^^LJl JSUl. j^Jl jl* lil t lJub 

JSw<) 4_JL.Ij J_S"I J y>- oUljjjUl {j» iLJLw ^5 y^f ilauj 4jI J] L^Ljaj 

JU !>U 4 o A]a_i J5 jl^_j- ^ ^L^Ji JJUi^ j d\S lil <, aJlp j . ( Y 

. LjUvla j^SC jt ijMjS 

IJ-j^JI Jl i; — JLi jj^Vl ^yajy jf LJLp- t (Juy ^^-ioj jf JJj 

S^JwaJl \\j oUL_Jl JLp J-kj^ .S/jl fjuJl iJift jl .^yj^jSOl 

M31 ^ >-f J^ ci>^* '^c^'j^ Ji ^f^" vr** J 

.iijLfil tlj-i *Jl S j\j->- iij->-j-A Lg i a_£AJI oi_Aj t (M33j 

^ L_^_JI jLJL-Jl ^tA-JJlj ct^LJJI ^I^^JI ^ y. jl 
^ I J__>- ^j^r t)^* - ^ ^■ || ^' jr° *— 'j^i L * ^ ^_ r: — . .... fl lX^h 

<- r A i ^ -LiLi ^jJj-*-^^! 1-uJi lilj IdjJjJl i-S'jS' ttU-Jl 




N Uj»U ^IBjA J l^li ^ oj>JI jt . ^JUx- ^-i^ -bis i Y 

iL-p-) C j A j^laiJl ^ LfJli <y> <-Jj Ja)\ 0 jf > jl>r ^ ,y-UJI JJUj 



4.. ■■■■I I L» C ip^-a jU lA 4...,..:IL B 4P^ ^jUJ B C AP^- 

4_3jjLa SJpU jjfl } jj Jjrjj . 4Pj_~Jl oJLA U«.^ ^ A ^1 



rv 



a?*J £±S ap^w j~3 gjJlt ^LSj Jb4 jLUf lil dUS . ^Jl 

A-P^ jLi i Lf>lj A_p^-JI oJLfj ^UVf A*?L*s>j (,*j^aJl a_p^ ^Ljjf 

J ii/uJl S^pUJI i j^J of ^1 Jl ^jJL JL^Jl 

SJj^LJ oJap SI t.Oj^wJI oJLa <_^.a>WI 4_JI L^iai jl . Je«x— 
j^****-^ }LU Jil iLi>J! ^ ^ A Jl a^I C ap^ ioIp^-JI ^ 
aJU IJlS^j X a^I B Jj 4 B Jl a_JL AJ jg^Jl ^^Jl 
L^U t cj^iSI j- - lt^ j^JI ■i-^- 

li^U jjJxU Sj^^oJI i-JLibJl oliLvw^JL dj-~>rj$j-+~*j£S\ jSJl UJ-^p 
olPj_-Jt a>JL*^ JLp jjla ^lij jUsf JJ a>-U^ AjJiip ^_gJLa tAp-j^^t 

A_^UJl a_™JI J kjJaJ jltNl IJLaj 1*^1 AP^~. ^ AjJjaII 

ij>^ s^p jUiJ a*L-Ji jj» oaJ . ^ f uji J! cryi jbJ 

^JUa_JL. olpj^Jl oJift j^p il tol ^>mJI oi$J Aiilj^Jl oUj-Ji 

AJa_>j) (. AJa_^- ^^-^ t Ai*>Lp ^iLft jt ^UI^I Jij . jLjJ olil ^>J| Jjji? 

j] t iiJL>J!j . olil — Jl oJift c^U- ^*Jl oJLa (j-j (»^w<ljjl a1»L-mj 



aA* ol . «^p ^LJ J?4 ^ oLp^JI oliL-Jl ^ L-^-bJI 
i->*'fly . *ljiJl 4_^>j5 ^» JS\ lfj> J5 JL>w M il IJL>- ol _/*wJl 
toXji oK jJJl ^Ij^Jl vjj* M o\* JuA of J[ dDi ^ ^j^J Up 

Ji>^ ^ 4^ ^ J-a oLSj c^Luj ^f t \ fUl Jl_p. 

jrbsJ ^f tSjSijl vilL- <y ^( ^JUI coliU! ^JtiJ Sj .UtJl 
I.L* ol . Vjm* o^Ju \Y* ajL. Jl jjwiJ <Jli /p5Y« • • • ap^ oli 

j>J ^ o£M of LJU? ^jjl ^ ^Jw t( ^^ tJ^A c^C 

i^S - ap^. ^Ju ol t^j iJai l 0jJ-1j ^ya^JI Milton Humason jj— U>* 
YT -j jJJ ci^ ! ^-^v ol5 Uj .p^jJI ^ 'IM J t iJUJl j 

<• 0j~ J-^ ^jS^Jil cLwa^^/i iplia^l .j Jv b- j_Jb t ijj^? 41- o_^JU 
4^5 J^P ^^pJl J^u OL^SLJJ J>f b XPj .4JUpf J^A ^j»jf dUJU 

Allan t-IuJL- j^f oj >-T o^U ^L-j t o >i^U i*Sj jUj3L 

lT*" J^ 1 j-*^-Ij iJt* ff^^j-; (Oj-Al? 4_*>j jU^L; iUi ^ Sandage 

. 4Pl )\ «Jla 



a ^JwaJI ol_P j-Jl J^-f J^l ^^uf V^^ 0 olp^w Lp JbC-J 

iLoUJI &L~<Ji ^jq iw-bj^ L^p ^ ,jJl aJu» ^Jl aS" ^iXj o! j^>Jl 

i>-jJ_| (JJjCjJI t Lfr».*aj J-^* ^ J^' JjJjO p*L? . ^-fr'^ 

iJUb ^ pj.^- jl^j tljj^ ^p Sju«JI ol ^Jl ^ IJufljL' ^1 oUL~Jl 
p^*dJ <, jJUl j^j jjjJI ^ iJ!>UJi S^Lw 'o^LpI Jl < JiJ-jdl 

Walter iLU ^llj Ul j>-\ S^jUJI oJl»j <. jL>Ui >:..a : i J (J.'.a.....,) S^JcuJl 
ojJLi L- Jli»f oj-^v SJuJi ol j-^Jl iOof I^^JL_» JLij . 0 j j-^Tj Baade 

J-^l Jj^>- oJi J5 ^y> Lg-^Jbk^J of oU^Jbcdl U t^^J 

£JJ J-^I fj^ 1 ^j-* 1 ^i* ^15 ol OU^ 

JLp iJL^JI oJla i^J £t_JlJ ^jl — j iUL?- U-^-o J-n^aj (^Jl 4il — Jl 

iJU \o Jjb OjL 4 UJl^I liU I^LJI oUi^J ^ ^ (h>jX>) 

^ Ol^^JI CJIJU -L^. (5JJI J^jJl Ol* t4_Jj^j> j^JLa J_^J 



U \1aj _ Ol j^*Jl jV t^-^lU S^-Ji SJuJl ^ Jif L yLi>Jl 0 j£Jt 

^ J-r* ^ W cJtS lil JJub JUj .JAiJI jUiJI l^SU; 

■jl i_-*«J jj_£Jl f>* jli L4*J-J> ' Oj-J- 4 J L^A^ 0°) 

tjjjja- dj&\ j°Ji 0! bJ^ aIS" jL^Vl ^ ^yj 

ja p-^jJt t S jj j^JLj i jJ^» j jJJ> jl vliii ^a> ^/ jf ^>*J 

jl Jlp <JNjlU ^^l li* J^^J j^jj .&\ -....j Sijlj v 15 ^^ 1 ^ 

<£j^ JJiJ jV i_j\5 V* <_$*J • 4... JL Jjy 4 AXJW 4~L»j 

^jlj^-jj^— «j ^j^i <dL^L-aJl o 1 .ttJ I ^AjIjj 0 4 W j-^ 4IjLj ol j>«^J I 

ij-jb jjjU UjiJ? \i[ j\ <.cjJ}}>\ oJla <J^1» J <L.»..J I U ^ e.|JL>J IjjLw> 
4-— J ^SOj -jr^ ^ — e5* Jr* cSj^-d <>t-~JI July jli 

c-jU aIjl>J ajjLw. J£jJI jjSo^ l^i ol — Jl 4iL~Jl juIj; 

^^Vl ^ uJJaJl ^IjjJ^I JjjLJI IJla jL ULL! J^l oi ijt N 
ju>-jJI .1^ ^y>j ol j^Ji iiy ^ tlr"*^ •f^r^ 1 

^^^^^ U^M 91 -^^ a;!,: - <jf ^ 4l« ^^jA* JU- ^^xJ 

Hal- OjJL^ . O^il ( ^**'^ ^J- 3 J ^ t° 0^5 

j frlaJ 4 «-U_wJl J ^>«^« oL>w^i -ij^-j Ji jL^^ < -Uf y ton Arp 



Maartcn oJl^ . ^ « a...t.,.-:S'l L*5 , 1 Jl_?- 4^ilai^ oU^-j L$J 0^-£j of 

j t$J j*l yrVl ^iU^t ^ La*-> J t pU ^ ^ Shmidt 

ISIJ . !*/T* 1 £Lt 05 ^ ^SU Ul^l j^n \#\ Vj ip^JI 

<_J! j-^-L. ^iJl J_^J1 I -La Jl SO-j^ BA—^JI 4_-iD {•I^HrVl oJLa oJLS 
01 ^ .OUUJI |jL# LJ iijl^ «Us £-£J Lgjf jo ^3 tl^il ^1 

SJv^*Jl pi ^Vl J»-f j» v** 2 * asLwJI ipj—Jl ^ <*^-xJl 

IJljs <jj 4 IjIj Loi^j . j^j>-Vl j^nj i-il ^>JVl aJI ^JUl ol yr*-^ 'j 
Y» & JSf -U* fjb jlJ j^Ji DjX 01 ^iko t oUI^J>U J±jliil 
J-Jb ^Uwl U.«Ut...I bl Jt5til j ^jJI ,yJL-* ^JLfcJI . J~U? jLl* 

.O^Jl ^ SOJI ojjfc jf ^ a^t jl£ Uf* ^>-T 

^jl^jo L; jl LJ i* 4-bVl y 4j jL$i— jV b-u- Jj>*i Ljt i <iji>Jlj 
^LJ Jlp 4 — '<u oijJI ^ -Ui~ ^>oiJI IA_aj . jUL> Y * j ^ o j-j 

-of ^ ^jj Vj . r ^JI j^J^b^ Jlpj c(pjJljj^ U238 j U235 

oLj ^r* - L^Jjji JJcXt jl LJj t( j ^1 i^*- ^»-Vl j>«j oUI yJVl 

. j A^isip- 4jI Ju ^-a ^Jil) C*jU ^ U*>Uajl ^«JI O j£J\ 



.ol^Jl J* J-Jj jj> j-^-Vl c LjJ^I 10* of J Ji^JI abji r> Jlj (>) 

iJ>3l oLjkJI j^i y ^ Upj. J^IJU^JI Jup ilJbf jUjVI j 

.(rv _n ^ jJbJi ^lji ^-ij) js\ jt; 



t U / ^5 W' JlP <C~* j^Jl» <U-~3 £wU IjjLwO jjXp O^w^ jjSsJl 

J j-^>- ijjij'ij JL*^I Jo> JJL-^r <-»y> L^Xlj . ojUJI ^S" jL^p^I 

uil^JNl jl J J\ (oi^J! viAJi ^y) O^Uli y^U JJLiJL! t <3j£Jl 

<y ■L^^_*~-jS3l oij^aJl £jA y { yz>y t^yUaJI aSjUJI 0 -U y JlJ» 
y Steady state ^jl^iu^l £>j^Jl jL5 Ujjj toU-jujVlj oUJ^JJl 
oliLwJl j-j^L^> Vj-** ^ ^-*jLaJ' a j-ft Jj»- jl jJL>Ji yj , L^j 
^jJ Vl J^.JII J^j-JJI ^ jlS t5j-^ fJbr ^LJI ol^JI 

oly>«Jl y JLis»- oj_^vs> tl>Ml UL^y- LjT jjSJ'l ojj-^> j| 

jj^ ^5 j - oJL_* ^y LJ| 4_wJlj fr^iJl 1— aL X? ' £"J-* 

ol y>«JI jLjwL 4_iUiJl oL^jIaJI LJ[ J-ij ta^j-^Jl J_j— jJl» 

jdl — Jl ol . ^y^-jj-^ jJ^y jrf j-i^; I^UJ 

y j-liJ ^ 4_Jj^i3l «lj>-jJI A-^iJ ^jJl y^i ^jU-J U-f^ J^aiJ 

.^yJj-^JJ 4-;- — Jl ap^_JI ^y iU-jJl SJwo *|Jj»- ^jL^-j *._^l1I 5l>-j tLjol 
iil — Jl Ul — Jl JbljJ 4^1 — JJ t _ r Ji JbJyJI u^>J 



4jL^JLl ^cr*^' -U'jJl* . 5JU»x3i ajlA j^az>u 4i?-^3l SJU d)f J>*ls tlf—^ 
*Ltfl ^ ^j-JiJl S^. JjlJ JUljJI dUJ£ LJ**; Ljj L|^a.; 

l^-J^y ^Jj-^ 9 fl*^ ^"J— * J >k "^-d^J-i ■ ^^><JI j . <d?-j 
Jxij ^S"f aJal^Jj iJy^aJl ^Ij^Vl jt J^>^ tl>t ^Cj . (>> j^JI 

Jl>t«jf JLj^j c3C295 S^JI Jl >_JJ Ujl_^ LJI t dUi Jli* .( 

. i-— j UU- jj^Jl jl5 oUJb ^jJl t^ijl 

^53_j -L-fc* ^5 ^ jlaJl ^aiu oLS" y>Jl ujL^j ^1 L'.U.Jtd> 

(clL.y^?) <4L-.Lp viJUJi5 Ij^i jl djj Jl> I^U- <j~£UJlj 0sA>^ 
i£j7*$ <y Richard Bcntlcy oLJLj^l ^JU ^ L^J^LS ^1 J^—^ 



. 1 pij jjjl ^LJI ^ i.L^JI J (jj^JI 



M jjS" *L?-jt J ^jL-JL. ie-jj-a 6iLJl cJli" lil 4cr X*Jl Jp Uf . 

oiSco jf L^Uj J-j <. o .ki-J jf jSUj jS" ilJiip J <GU t o\xl* 
jf j^lj Jlij . j^£JI *l_j>-jf J 4".., Jl oUSI _yJl o jJ^ jJp J 

jf c^w» ^^ybL^Ul -Lu-^JI tiL-Uji ^Jl JSLlJl ijjjw^ jl 

jl Jl dUJi5 r Vl JJi, . vr^J^w^l jl v J ^ ^ < ^ 

Ajf IJ^P Ui_A t 4j ^kjJl oJlA Ll* JU«^ Mj . A»LmJI A«— J I Aj^laj o ^fljs 

CJlS" ^l) iJLlil^l i^JU^Sl ^U*i~,l jy.^.:J O^Jl jl Jj£ jf ^yi^j 

j^f JjL>- t a^ij ^ ji^i juj ^<uv jj .ji£Jij 

j^SOJ JL*>JI JLXJI *L^il ^Lha CJU ^1 «JaUJ J->« jf 

5JJUI jL&Vl *, LJUJj 
j&j . ^ji^-l ,^iJ J^j t( J-j t ^U)l J-JU-j ^1 

J S_j jJaJl iiLij JJ ZlJpj>Jlo S*L--I »iJLlJL> *LjU ut^jS" c-*L?i) aJI Jli 

. SJL*JI 

eil j>J\ ,jL Uij Lib- Ljl ^ii^l j ^Jl) ^u^jf £?J*j ^ 

<A ja ^^Jl J^ t J*Jl IJlaj . ^jl«JI ^u^f Ai^J ^ Sitter 
i_^»l>- a} jf Ml 4 ^./loll jl5^Nl ^» JU^i j^^j fjj Jxlm\ 

jLSj .iiL^Jl ^ *» r —L^ j_*jO[I k-il^^Nub Li^ «of ^ytj t jLi oli 
^ Ujup "ij-^. Ji a_-I^JI oLil ^Ml oJuk 

cJuj»j j^j>-Vl j-^>*j 5 olil ^>«Jl SjlaLL* tLif jf . ^jjjjjVl ^jSXiJl 



.J?-*- ^ ^j-^ j 1 ^! J oiii^vi J>>- ^Ui ^ i>y*-yj\ 

***** Jl c^ 5 ^ 1 'M 1 v-^ ^ ^r^ 1 ,jLjb ^ Ji w U jLil a5j 
^y^Jl IJut jl5 Lj jj .ot_JI J| iLJt ^ iLJjl 

. <il oJl J j^t^-^}\ 

^ cO"^ 1 y* 1 ^ ^J-*^ 1 ^ Of ^ wtVl .i-ft j! 

5-- — Jl i-* j-Jl jl >Lo L.1 j il 4 iiL-Jl U-bu o^-j ^31 jl 

jf L jj <. S-UaJI ol j^J\ v^j ^JU^i jU (. y>\ j£j 

ttL^Jlj UiU^JI l^jJ,^^ ^iUJl pL^Vl jUt 
o^l^ J ( ( JjS ^Lj» J i^L^ x^>6 . \j\jJc^i\ ^ j&j 
il^ J-t- J-^-it -of Jl aJlJ ^Jbl jl U5 .iJUiJl 

jJi^JI ^^il ^J>lJ\ l YT Jj . JjVl cbU* J J-jJboJI 
.iJL^Vl o^UJ ^y-UJl JJL*i.j L:L^u L.Lc *>U jl—JUy 

cr^J 4 J-^U JjVl j—^j oVil*- Jlp j-^JI JJub jl»Juy ^ij-^j 



.JbVl Jl dj-&\ J\jj iJUJI ol_* Jj tLlL^j N of jl, M 
illttJl jU ia^JI i*Jl\ -JLa ^ ^ SjUI ttltf cJtf lil 4ur XJ! Jpj 
j_» L*5 t J-> ^Aj jj-^Jj L-^w* ^vajj t 4_-s~joJ J^" J^JL-p j^sCJI jj_Sclw- 
0U1JI J p- J a l*» « Ja^ Jp Uj*- I i| 1 j->-~\ ijjJb j\) 0 j_53l J JL>Jl 

ajj_*Jl ^ ^S^j j>kj Jpj ij^SCJl ^-^yJ IJb>- (1)^ ^y^i "^rr**-! 5-LL)l 

^L-txU a^JI wJI jj .bjk.* btpjl s^LJl ^liS" jbjj ^iU-CMI Jl 
Jp pJI *LJL*Jl ^*^rl <_£j-H c-jlill 4JU- . J*a OjU ^Lxo 

.jj U6\ ojjs J ^jj-Lfrll ol> 
jl iLiLS" 1^ ^IjljoVI yr^Jl 4-Pj- cJL* IjU .^jVl LJyU 

4-^wJl Jl ^pj; IJLaj) L-iLS" lj-^> ^/Vl v^LS" lil jpA JjJb 

i-oiU- diJi £A C..IL- oiJj (. ^jJUJL l_k>Lu~i j-^Jl 

Uj5n; ^1 4JUJI Jio" 4JL>J| eJLfcj .4_»L^I tAJI Jl fjL*j ^jVl 

^ iolJL.1 j>^\ ^i-U I jl j . ^>JI L^J ^ Jaf o ^1 IgJ 

^» jij I _Laj . ^ jVl Jp Jai^-i ^ <. jIp ^^p- ^^r- ' 

Lg^J ^ ^1 43liS3l I4J 0^ jJI 

. ^-5^ ->L. .1^11 J LiU- ^ ^ jlk LOp l_^2, 

Jj 4 1 Jul 4 4^l»Ip £»j Ow^j" ^ ^Vl JP UIJb-| JUlJ V Ol _->Jl 



tv 



^j£v*j jUJLj^s ^-iLoJ S-bJL-f- ^^Ijj^* jf IjjaisO tol^^-idl ^ 
tiiUiJ! ^jLo ^jty ^\ ^\ £jLJ jt - Us* pl—^l 

4_j ^JaJ ^ Uflw 0»l$Jl 4-*>*^Ji oJlfcj : ( ^4js»ji^ J* <Ji>J ^ _/>>*JI 

jjJbuJ N L^jV t^jj^j s^W- <y U5 i^j^ji <LoL>- /^ly <y idi^ 

ejL^i ^ jj JlJj . L^-jJJ ^1 Ojk ' tijj^' ^tUl ^ty^ 

^oUj ^ 4_->-y»Jl A_flli£Ji <^L^>J Aj^iijJl oJla> ^»JLj>xlv«J jl 

iiUft j t u>5 r ^ ^ -m-jS . (r jscjji ouj,^ 

^j-f ^ 5^JI oJL^3 i>ijV Ifrj^ ^yif ^ U(CJ*5U)H ap^b <.ij£3\ J>-tj 



tA 




/ 

a_^.j yj» I J>\ a^^JL LjJLp^ Jl U jS\ . ol y*-Jl IjJL*. Lb. JJiJ _ f 

>j C3 [*jSj* j}\ J^b J. s!y>~Jl ibS3! jt ^ lSjS^ jl ,(G 

A aS X* IfiL-s- iw— ^>»j ^1 LfcJb-j ^yb (oJaiu Syl JL, 4it^» a ^1 A _> 

iL^Jl aJL* ^ gdJl iJL&l Ji^ jU t G IJL>- SJL*j ^ A . G i~JL 

i--J jli i JaiJl i /i' i (jJUi; o^^/! ip^-- jf ppjl JU- : IJla JU-j 

jiJ U^, 4^415" 4_^ij-*Ji ol yy>3\ J-^ i>* 



Lf*j-J iwJL, ^.jL^ JJ> o^l ap^ jjSi LfUf ^ 
< £L*A>I JU*1 ^ ^ 'J-* 11 W • c^WuIl 0^ 




a^t-jji j^-ir- -^-^ ^ aULiJI iiUJl Jak^Jl Iju* JJl^ - 1 

^^Ji ^ iilkj! ^ 4ili53l ^ ^ p) 



o ♦ 




riilifTs t a<>. ^ ijliS» «, «iipLia <>■ oljLJL L$J| ^1 oLj-tiJI c--.-?- 

:oVL>- ^Ij^I iy-w oU^Jl oju*j . ooU jj-^j icjLJI 

^jJI ,_^iJl L*f . ( i J£jJl ^1) j yS i jU. jl s\S £fJ» d jS <. jJUc j jS 

its f 

j»-5 J-^-I ol-'->cJl oJljs> ^Ij^l-I ^jS^oj . (aj— jLLo T* LajJj ijj^Jl ^-^j^ 

.olil — Jl ^j-C SjU-Ij ctJJij c^lxll ( Jl^J ^5 



0^ 



Cj\ j3y*J>\ 4— £■ ^ Oj-£j l^-.v^n- tiJJ^j lOj Jl** t 4iU je^J ^"1 

. W> J J jl (o^Nl jt) JU^I ^ Jpf 

ja (Jpi j\) j:>f ji^UJl iJUh 015 bLi .UjU-j ^-a; of ^ 
(jjU^" V tv^J^JI Jp j!) jjU.xj ot ^r~Jl oU tij^. 

J_ai^ Udi^ . (o JS^J! J^l) iiL-Jl aJNjl ^ .Jl ^Nl ol^JJ 
( j>*uJl la, t AjLJ5 Jil jJ> Uj-^ a&S p\ <Zs djZ 

* c " * \ * 

H\ j^LJi J* L*i .Up UwbJ Jp ol^_i>5 jbtjS J" jUjJl SJb-C 
^iyu of U ujLS j^SCJ j . l^jli ol j^Jl ©Jla J& »Jla IjjJi of 

j* & jjfcil of ?J^lj Jlfc L«K I4J l^jjJ Jl ol^l of 

. ^yf jlkJl l^aJL" ol j~> jLa^l Jl 1^- alj t Jbuf oliU- Jl ^kJ 

■^Jl dLli J L^-ij_^JI y>Jl cJL5 liL? . LJ1 L^dU-j i-J^oJl 

J. P. Ostrikcr ^—jf olJL-Jl U ^>*J JL^ _ ^*-Ji Jj 

oT 



olj^Jl jjkJ dj-^t 'iff _ Oj^uJ^ ^ S.D. Trcmainc js^jJj 

ol -r j r «J l^oL-l ^ u>.U J, tu — >-j olJLII L^^J j^kJ U^U 

O^^UJI cJjJl I^Lj^-I jA\ iLjl ^5Vl i^~Jl 01 
l-Uj . L* a>- Jl LL*J> jjLj tSJL*JI ol -r >«Jl jkL; of ^* t Jjb 

01 i<-Jj£Jl ijKJJ Ljl^JuaJ UJ? Ji^ IJlaj . JbVl 4*-->3 

Or* {j* *lj->-f ixjij jjL>t^ *if Lfljf jJL-j t Ol ^Jl J* 4-J ^1 oiLJl 

ol .j_*Vl IJl* J^- jiko ^ Ijuf L.jJ cdUi .i>v>Jl ailiSo*! 

-J^jl ^ 015 iS^Vl ol^uJI ^ cS^f ^JUI ol^J! y& 
i^L^ Or* George Field jlLJ ^Ljl US' 4 j£« M Jl ^ *jf t^JUj Jl 
^ 0^ ol j^JI jU iiL^A o^o ol 1 0j t^jlsjU 
0V a_JL^ a-j^j 0j_5^ jl5 t jLju t-a^T-C 01 j i<jj^° 

.ifj>Jl iiliSai 4JjS3l 

LiiJi ^ «— -^J • ^ 2?^ ^ Of J>-f <>• *m J£* O^SOJ 

Jl ^ Ux* ^ ^ lJu Ofj vJiVl ^ O^U Of y» 

O* j-^ ^-^j" of ^ Ur*~^ <^U- J-S" 01 

^ VI OL^U ^ 01 jS^j V cbl ^k_>J ^« 

if J^) Jjr** £^ jf O-j^ t L- ^15 Jlp oJwa^ ^jIj^ 

JjLiI J^J -0^531 *x JL. U[ jV jilSJI oi^l 01^ (^>JI lJUh 
0V :L-J| J-^aj Of V tiJLwJl oj-jt *l jj UJ ^ij OjU- ^ SjiU# 
oljUU s yL* UU- Oj-531 ^wp Otf blj • ^Ijj £*j O^UJI lj* Jl» 




or 



(^1 _iai9 Jby JLp jflVl 015 4 jJtfj j^50l ^*p 
jJw-J jtf Of . Lr ^Jl ^jVl ^ iJUJl ^il J! ^ Jit 

Ujlp . oVl Up ^ JSf cJlS JU V ^j*. ^ iUUJl 

^^ii^Jl I jf i 5ji)l « j^SOl jji jV c j^Ol j^i 

^ yw>f Ujjj- p^Lj jiVl jf Cj^j r Jif Jl UOp Ul5 liS^j .^1 

bj-&\ *L^Ji jf Jju ,djSS\ oLIju ^ jaVl JiL^I jj 
jli IJl^aj . jj*jJI ^^ifiJi LJjl_p L*i5 JJ1 <j\ ^JJ 4JL»wj 

iJLCal J^iil IJla ^ c^J^p ^Jl ^j^l ol>. Jl LJ c-*-L»f jla! 
^ux^o j . ^fjj p->*3 4^]sL-j jji ^Lp <, j _ ? 5vJJ jj^aJ fjij&t *-JtJl 

^y ^j-^alj— <Jl jj t j_ >-l Jj—it jl t ^^-LjuJI J-JL o-ioj 1 4> la.r. a 
<yj . oLaUjVI oJls-Ij 4_pU 4_Ji$:> jjjj t ^u>-jy»Ji ol^Jl 

AiL^JI iyj^aJl AJuiVl Ol>y Jl^isf iljy IJLa frLjf 



j^LJl l. — ^ ^L-^JI L*.JL_,>_ ^^-jUJ^flj ^-JjJI J-^»Vl ^ ojjj 4^wJt ejus (\) 
jp- j ^ tlJ^- (5jLJ jiVl A-sl — » JL_>- ^L^Jt 



01 



a_>J ^ jJL-aJ SjL^iV V ^1 y> <.P U ikL njif* jl . ijjL^> 

*JU- Jjl^ jfll .Ji~ ^JUI j^Jl ^ Uf . iLidl oA* Jl J" J153I cJjil l^u 

. ^jJl ^ bj_t v- 1 ^ M^P J*^ 1 p t>H i * uJl °i • p ^ i - J ^ ji 

it . 

. <^> jS- jjS J L-J ji-^l ^^xi ji-^l iJ5j . Oj£JI 



<_<La^- J^L^M i-L» <jl LJ j-ioj . ioiUJl C^>o l-^.J-^ (j-***^ ^Pj—J' 
iJu^ ->Uu ^ oV j\ L*z* dj-&\ J^iJ i-ilS c~J ^LoiUJl JJi>- 



oo 



ijuljll {UN 



k^oJU t^yjeU tL«— Jl Sj^Jl t ^~*JLi jJU^o <y ± r 3\ J -Aj 

IB 

j>U*jf ^^ii jt L^>-lj ^ J*. ii . oi ^ip J_J l^j ^ ot 

Lili; ry ^ 1 4_JLi^<» 4 r -Js» J _^5' ^UaU- ^L*jf ^yl>oi; jf tJU Jj t Ij _ / >*J 

<l^S\ JL^ ^J^, Jjl^- >^Ji . Jj^ j^3l 

* i/V* ^L^J J. isy. j^>*> ljf>- <J o\£ f U ^ 



^ JLojC-OU o SJLpIj Sbl o> ol*> «L>ly c(,jJUa!I) Echo 
4-Jj tUoi Y* o^ia3 bjj* 015 il Radioastronomic (^jol^i tiiUil 

^LaJ ^ij-^ '-i* flJU^u-L Robert W. Wilson jj—JLj -j-jj w'kj-i 

i^Jji <_S y~~° 7TJ^~ 

^1 <L>-JLJI <->*Ja^\ J* IJb>- <^jJ *>w? L_^J? y t^-jSXiJl ^LwJl 

jj^J LjJU- l*ju»j ij. . ^jj->- -u-^U- iaiV jj^ij jt^r ,y 

5= * S 

A^wiJJ L„...,J ((I jj^fff) L»w» L_-o-Up 1 gT^-.J «d5Li*oJi ojjb 4jyw? 

t N ^ j^J bJL-M- 0151 t JIj_jJI 015 U.L5 dUij, iL>- S^ij 
Oj^iijj . ^UJS ^jLU! j^, L^I^ ^SUj diJxj 

eiUj 5^L_pjJI eJLJb ^U-ji jf 03j . UJy* 0L^ Up <^Ji3( iLJLa 



OA 



i-c-lkj^Vl ^I^JI ^y iptk^-VI cJjy j»l - «Sa>LJI aJ^JU 
(jji oL>-j3 £ ^y > Jhj U ^Jl p ^ Lg j li ^yC.^g ^y cjjyjl 
jj-& of j^wlJI oljb ^y AjVl A-^ol ^1 A^aJli . jikJl y*a)l 

,_yLi ( J*> l^L-, L<^ t^kJl <JLJI to^^ 1 ^ < - >; ' <y» 

j_>Jl ^yj 4 — ii ^ylj-fil ^ ^y V| ALiU j jSj jf "V IgjU toj^JJUl 

.jpl^JI C I^V yM <yUJI jSL- ^ 

jl* 

U^^jf JAiJL ita i^l >Nl IJla w tiilfc £*j .U>- 

jj-£j jl ^--J^j J jiaJi IJLa J^l ^y i>! _ V , To _ L.>J A^y J^isj 

A^si ^ij-^ jlSCo^lL. jlfT Loi* . aJL^o b'j-^a ja iJ^I jjjI ^Jl j^lyf 
jl jLS 1 t lJU aV^JI Jjk J^l <y ^jVl j>J\ ^jA aJ| <jljl>- 
*!j_gJl a5L-^< ^« a^Li* 0j&~» t-W?jJI UsUjI ^-laj 

t^^>» J^-f j>« ^ 5_^JI J± \^lJ\js Lwb jl jj — Ljj 

• Sy^JI ^y ol Lgj jl^j ^/ S^^lj ^lyf 
VJUJI <-^yJI AjJju ^ oljbl^Jl L 1 ^yJl yl^Ji iJUJl ^ly^l 



J V, ^jJl ^ i^J* V J^JI Li* jl m* fU J LLi^l US 

^L" jl V o^aJi oi_A jl ^JL. jtSj .Jj-^oJI \? cpJl 

1 2^531 (M31 /\ jl^-jjJUI) «.1.,J..,JI Vfj t^j-JN- 

^ 1^ ^-jl j^JI Cr* J< VJ J Cr* J L " ^ W 

^ cr* o 5 ^-? 1 ^ r 1 J* 1 ^-* ^ J^**" 

jl ^SsJ LJL^l Lid j^sj Jl_» Ji>- 1_J j^-Li . *LI aJ_p Jju «JjuJyM Jlj-* 
^ j jl t Sji ^ oLil oJl_^ LSU^> jLSj . «<ijU 

A_>«_*iJI &JL>i j j^jLjj ^yXi^j, J JLjP-jJl ^f*^' jlJUU-H jlS" 



tnt* p-~>- . jrk X?-!-* 4-JUJl oAa oJl>-j L$_£Jj cjj^I ^1 

4j>_^ t (jllxftJl ji.ya.ll ^ ^f ojl j>- *>-j3 ^9 j-Wsj of V <.^*^]o 

Bjlj-?- i>-j^ ^/|j_»ii^Jl Ou<j ©Jut _iij_o ^/ ti^^U V?-->- vl^" 
^SU-i : i*-^ J^Jl SJ -^ o j& t Sjl ^>JI i>-j^ cJlS' UiSo : ^^31 
J jJ» J-?-? ^ <ia_j-*>LJI j_.il jJl 4_j>_^ sxi of lil 

oljLJI Jj>« — * jU _JL!ij J>\ ts>ry> SJui ^j-^j <jV <.qj\ j^-J L*Li* ^^-J 

{ Jju _Ui jLi 4 iOSj IJLS fijl y>- 4_>->lJ 4_taU*° ijjfilj 4_>w3 

oJla SjI ^>Jl o-ji aJ ^JIp *Ipj J>-b £^>ji of t-^w I j-gJl of — ^ 
^Jlo^* of £w*jf ol (^-^ t t ^^L_i_^Vl _->L^I^_pI i--_>«jI (_^J) 

. R^lj^Jl Sjl ^ i>-ji)) 4_JV_j j_ol jjl 4_j>wi SJUi LJIp Ojj-'y jJil ^1 

^^Lcj . ot>Ul LaL3 jP 4Sj_CJl Sjl y>JI 4>-ji ^P >IJ_ oJlAj 

^1 oljJJlj oL>-jJI Jlj_Ul Jj»-I yt \J> ji jL_»lS_» ^j^ycJl jU <. JU- 

jl) ^JLia-^Jl jAh-JI (J j-i 4jj_» i>-j.5 r , 0 ^ CJlS L^j^La-w \j_t yi\ 

Sjl ^Ji _->L>-jij . ( jUa_J1 jAvaJI (ijJ i>-ji £ , Oj T , 0 JS\ iiJu 
<_*__]L ( j— Jj ( jJLla_-<Jl jA^a. Jl 4___jJl> j^S^J t 4_tj_aJt _ji^-jjJL» 4j 

of . _jLj^ jJb» 4_jj-_>w« ^/o jf . <j^J^ (Jl 

ojl 4_^ji» _> Oj — liJJ ^Lj^Lj LgJap-'V j— >il jJi <»Jif 4>w» ^P 



dj N j>-T ^—Jj) uiiL^JL ^Wj-^ J— jl *^-»Jb- Jii . ^^^aJI 

<y ^ah ^jr*. iS^A' J*-*-** f ^O^-fr 

La^i^- jJ jlS' SjJlJ tf> (, J^j^ JLp^> Ken Turner . iiyb ^>-T 
J ^L-i ^ Ja-i LaJl^- jJ OlSjt John Hopkins j>>- Ju^> J 

^ J_, V A)f >w Jit SjXJl olj* *Wl Jj .^Lj ■! ■£ J-* 
t jj-£Jl AjiJLj jUl j-Wl (J^^ J* 1 iSji^L) ViJL?^- ^J^J 

d\Sj .5 °\ • *J/» J ^ Vi-i iis^l Sjl^ 1 jfj 

A^viJ 4^jl^Jt 5jl yjl oU-ji J J^ju <j-"L>.r! ^jyu i3jjj 

\j~~> oL-LiJI jl ^-Lj^ 4_iU-Li tA5L>oi cJutfj jit <)UJ v^lfli 
O-j^ /J s+Z J SJ_^JI siljjVl Jjt5jJdl»j-» J 



L* df-Ln-il)) <<JS j . <>}^-> x& oiyrj LSI*.* jl5 ^JUl ^U-i^fl 

^v-J j ( L4JI jtf <rj J*-^ ^rr* 5 u** 

.(((AA-iVl £ob*J ur -i~ (j-^lj^S ^yUJl JjJL>JI _^ajf) 4*J& i*j-o^JI 

. LJU- Jv^jjJu^JI jV l^IjJI L_itA^ Ulaj 

i^jJI pia>*i ^Jlil CSjJ^ jb ^-.i*^ 11a C)l j£w Vj 

-lJj j^£5\ ^U-ii jj_j>-j VI t. L^i J-£-isJ <yJl ^Lp^JLj iLiiJI 

j£Jj 4 jj-^JLl j <>:.., Jl *yJ! jLn-iJfl IJLa jt <_£ y-j 

Ljr -£p ^.^bj ^-jjl \Ju *Ujt ^ ^jr^^ ■" " ^S^ 1 y- 

i>vJj _j«a> Jf^-Jl I -La jl JL*J La-i y* . o^Jl j-iJ 

IA-a J_^i c( 0^ jSJ JJj . J/^l jSliJjt J Sjl^Jl ^ ^ l^JS 
£ W V iJUJi ojl ^ ^-jj s_> tJ! ^ jl5 -uf ju V ^UJ;Ni 

si 

.UU Uijju^ JjVl jlliJLJl pJL* ^b'l JLp ^iiiU^JI 

11 1 

^-UJI a-U ^15 Li jycJ iUJl ^jJI ^JiN! 1-1* Ji*. ^V'O) 



Jj*j\ J*>U jj£Jl j! 

J^UU ^JUj of jSUj oJ^-j 015 ^JUl tM-*JiVl ^ asU kjL. jlS" 

j^U-lj c^yiiS oU-jj ^ Ji^Vl IJ4J <&l£Jl Sjl^Jl A^p^&l 
4_jl5 ^y 4-;iA>- ^>wj> J-O ^Jlc- LJL>- jf Jl IjjC* 

(CU-jIjB JjJ-oJ jA ^L? - * 4 ^ *J^*JJ 4 t^Jbj . 0j—1jJJ ^IjJJj 

AislS^Jl S jl y»Jl o- jf . 4JU5L j j£S\ <y> ol* _ ((<JLp» ^y *>Ui 

tfj^W c?* Ji fc5-J^>*Jl Oj&l ojl^- ^ C — J L fr jL ^ J^ 1 

-Ua J_»JuJl Oj_S0l jJti '^—^ ^yJl |Jb«- i*j-UJl aJjI A^-ji 

o^L^Jl iJLJ^ oj^VI ^ J-** j& jj 

George t*_9j_*li- . ^ 015 oLjujVI A_»tgJ t _yii . ^L^-dl i^jjj^«j_53l 

Aj^JaJ £aJb»Jl ^y Ij-C-U* -*S jt> ^sA O^jjj ^*aJl oJipL-aj GaiTlOW 

. jj Juys Jjy ^JJiSj c^LLo oLL-j>^ ^Uj^JI jU^J^I ^ Zcldovitch 
<«j»JLoJt JU^Ml oJL* ^SC3j , Ja:...« JSLwj iJ^dj^ ^ R- J« Taylcr ^JlJ ^ 

^1 i*j-UJI Aj^iaJI JL^Vl ci-fc J^p ^iJb jj liU Uf t^iUJl J./aall 



LaJ e£ JU— li^i L 4j j~ 0 , L o 11 ^lj»bU 4*ij£JI OliiJl L&iS^ f** 

^ SU.j-=— cJtf mo fU jJLj Ul ^f jdi oL! »JI jl 

ijj->ji\J\ diUJI ^ oat ^yJl oLiJl ^^i^j to^^l U , jji»J^ 

jLj>" <-u?- Ljli ^ 4 <da^-*>L ^^C^ jL*J.I iiL* jj-£> jf Vt 

Lp^j-Ij jf D. T. Wilkinson ^SXj . o .jj P. G. Roll J j j ■ 

A_l>w» jJu* '^J-* Vi^T* H-Ju JUj . j? l*JL« JP t^PxJI ^ 

^Ljwjfl jV tJUjJ! lift Ji* ^ 1^ Ij^Js Uj^l^u jf 

tLjjjAil aJl^» ^ L»u» 4 j = ia3 y j-S"Ju Ijj— 01 Ijj jZs JLa>pf 
laJUJI ^ 5> j ^JU i » A ' J\y jlS" jf ^^^l^j ^V^ 1 

*^rj} ^^)) jf <i>L— » J^J Ulpfj V,TO h>-y> J^is J^Iaj tJubj 



10 



L*i^ jL£ Jl^I i_*J Japt (...) C-^Jl J U*iJl I_>«jJl 
^l^^ I-Lp U t a^J^^S aWl L^Jj T,o Jl^~ 

fU ^1 ^U^JI L/2 ~ij jl JJ ? j^i ilJL. ^ Jl 

L* :aj^_JI <j L^J U j>~u>J ji Lip <.jJH\ lJub b^? ^SJ \\^q 

J cSjj-Jf «--S>Jl J V-jL^VI ^ j^&l J^U £U-iVl 
dU; JL- ^JUI ^1 J^U U L t^-^j JjVi o^l JSIUJI il^ 

^ 4_ ^% g US' oLi>Ur» L«jb Jb*^-. LJli jliai L^JLiJ ^jlll iSiiaJl 

LOUj-JjiJ! jLi t*lUj .AiUaJl ja l^S £\ J-ilj" jl ,7 L^iLS'j 

O^J ^ J 1 tS > CtfJ ^ 0^ j^^ 1 *i^A hr^. J^-x 



i ^ ^iUi ^ J«f ls* '^'^ ^ J^Vl J Ujy Oj-J^jj ^L^j OV 0) 



t (jlujJL»w) Lj& ioL^SJl l^u^Jij oUjJjaJI aIiS" jl 

C^^^ 1 ^ 1 *^iJU -j^^- 11 ^J-* t> J*^ 1 

jl J^ ^^JL; Jr ^^l\ e-L^Jl Ol *-yJ> jU t liJUi £»J 

U-j Vjo^o* jLS" aJI Jlj N t ^yJbJL* alj^oi .£~>y <J^>- ^ j^S3l 
j L<»J_lP JJL—Jl ajl^- £*jjr> Of^j . j^l j-A U-» j-i^f 

0J I^ oJlS j^Jl 5,U jl dUi ^ ^ jl luSUJ .Uyu^ 

jl jj_jj^iJJ j^*-. "V <. jj ^--.Jl JLp Ij-^S N oij^ Jj 
yt^ 4_^>L>i.j L,_pL& A3iL^aj jf jjj c JUJl J J^-jj Liia J^ji 
oU v « ^r^^' j» jL^u-j N b^p ajuJv J^o jlS" j yjiil I . JjjJs 
c jli^l iJb>- . VUi L^Ui^l <wa^»J jl 0 jf jJu; 3 ^.>J| 

^ iiUaJl l^j, 41* J^-L jl (. jj j&y^ Oli? JJi ^»Lp j jjj^l 

a A_- jl . ^Ull J-il j\ p\ ^JlaiVl J jVl iiU> jj_C OJJij 
(j^L^ jl jj^ jy_yijl L^a j jl ^Jaz^j « ^>Jl iz^i^uJl jjj-JIb 



i-p-j jlS" of ^ p-PyJl ^s> t0j_S3l jU iJLXftj .dUi j» ^ ^ail 
iJU- Jl ilfJl J J^jp' jl Jb V < ol^JI ^ Jje-S bJL* J 

^yflj ^jJi oJL»-tj ^j* JU^Jl iJlA ^j>tJ CjU.i.^>J1 JJLP jf 

jj towL-^S" 4_^ya_^» ^j^ij-?^ 0} . J-j^J-J ^1 ol*- — >J1 ^-1_>J LjL^ 

o^sj of (L>) oi .Oji_jJi iiip- L5 U iia^Ut-j! 

j[ ^Jj . jl j^J^Ij J^ 8 - oXfc^fc* Olo-c. ^-^ Jl 4£-y*S>y* 

. jA\ ij jj*\JuS\ j LgJ\iUs>j \^[J>j\ oU..,->Jl ^jj^ jji 

^ VI iii J-^> (^j-^Jl j^^W ojl ^ 4_^-jJ jl N t^^ll 

oLJLSLJU) p_-j^Jl o^kJl j^i ^-^J^J •^ij 1 ^*" 

<j jlj-^* i«_^a_i>i j JS^ ^ptplj-?- — >■ U-IpL-J 'U^Lj aJLw-^j K^Lva^-Vl 



^ iju?- iiijjfc La t.....-^ liijL*^ Uuja^j , ^a)/i j 

(Lk_jL jl) ^ Jl>«ai iJ^^ oU. ; ....»JI eiA jU t^^-Jca JUw» J 

. r l b ^p^a ^JuIiJl aUa^l Li U5 Lip j~J> H iJT jl 

LJly~a}>\ cuL»jl^ -oil , _ L^Uj a LaJ Lx* LgJ aJUJI ei_* 

p_»ai au j at . ^ji ^_>J! ojijai ^ ji sjl*j ^ a^**^ 

"i/ 11 IJl_$Jj .6jtj_J! ^>^a' iJl^ X? (. OLC* (jl J L>j^h- 

aJL^ J Uf ^ Jj . V fl iJLt cL»ai jf Li 01 Lu5Ui 

^v^a aJi . y j <jV ju- j* aii ^ji ^ 03^ 

jU^I oYjl** L^i cJa ^1 JjVl 4Jjji .Ul 0>Jl Jl >JJ jf 

.0 c>>-^ 



1^ 



t 0) ^L£]i 1 Jut <lJI ^Xfr La Jl ;L^JL, i^U 0 JUj 

* * 

oSJj . \ Oj_£j| 4_.IJLi Jl_oC~J <jt Lojt lil IJL^- <J i a.ijj L» iJL-fcj 

4-JLo^Vl Oji oj^kj j>v> ^-UXsJ ^ UjL-pLw tJ-jLUL; 

jjSOl <_J jlS" ^JUl j^jJ! jUT ja \J>\ t j>~Jjjj 

* 

a» 6L5 t UV pUl Jij^ ^ii .olijJ^I J^bj ^ 

jUs N tS^UJl £_« (^jl j>- ojly iiU- ^ ^^Jl jWVl ^y- of 

. KA^LOl 5jl ^kII a^jii il^JL-i l^>-% j}\ J\ a^waJl 5JLi JijU3 



v. 



J jJ> AJOaJb ^ j^jj p^JI gU-SJ : j>-T J^i 

^Ul o jJ3\ ciLuiuJ yJLjJ J5 J* 015 ^1 a£UJI flU^JI cJtf, 

^JUl j y .«A H tJj-»Vl p-~r»Jl J^^V ^J»wajl 01 

^Ul 0>5I S^Vl ^L^V/I ^ d^L, c-Jji Jjl5 

J^f ^ (V) Ji^JI d^JU^ gjjjjj jjjjl JSLDI L^p 

S^l J* U5 viL> Lra ^ 01 jSUjj .1^ al^jVl c^" jJl 
*(*-~** t/j) p—o>Jl ^U-SLi alL. 4_1p I4JLJI 

^ 015 bj&\ 01 a, V t LU ^U, . l^ji UjO. jlo Ju 4 L^w. 

i^-jA) ojU 4Jj\y (^jJl j^Vl ^_^>Ji £U-il UJU U jjjii 
015 L-ju* ^ JjVl j-i^UJI J^U JJVl JLp IJl* tSiUJI 

^^Jl ^UJil ajL^o JUuf Jl L^a! -u^' t ^JU*)L; olL^ 01 




I I , 1 --I 1 I 

~o\ oT] i fio ioo iroo 

JU*. SJ^Ij J-jtI ^ p^JI SJ^I j J iilkll iiliS - jJu Jak^Ji lift JUj _ V 

j^) X Isrji J »f |« — »■ Jsrf ^ kU— ii^j ti^Jl J^ls ij^Jb 4>-_^ JjiJ 

jlj - O-j-JI J > jJwaj jf f _; jj X.y Asrji J^rf 

^L*-il *)U- jJ> ^ ji\ JpysJI oVUJI ^ ^op Js«-f ^ -d^">C U J^JI 
U ^ i£/>Jl £L*Ji)fli (>*JI JtiJIj .a^I p-^JI £UJ>> 5>^ U>U «JUj 

^ " 6J 1 . « ilL^ J jf 1 4 > t; jJI ^Ui-VI oULi J* bUo*l ^UiJ 5jl 

. (p^J! ^Jl CN (j^L-il) jljj* 



VY 



U-i C*--M p-*^ ^UJrNl jf Olj^« oJLp JUj ^ JLwt 

^ oJb-lj i J>\ j-s^-l Cj\jj]aj ^ Olj^iaJl bJL& Oif JLij . oUjJjj Jju 

. . SJbJl JS SJbJb;J1 ^j^il SiJ l JiJ^\ 

L^p ^^nJI {L»zy\ hy* <JlS 4-*s~> L^i: lil Li! ^1 . ^ySS\ 
j^i ^ UjlpI — (j^iJl IJL* jLi t^^U J! oUy^l 

^j-j^JI IJLa a^VI j^JI ^La-SI iiLt isU5 .^...Jl <jl 

^UJU Ja^ ^w. ci^r 5^]i oUjJl JI^U Jiff ^ c^^l 

. ^U-iN\ 11* J_jL> ^ <oUj ^ ^U-iJ JUoj i/tj 

L>J^p ij-^Vl ^— >JI £L**iJ oli> oliS" jLsoii j[ tJjUJU 
j-J> J-U; jLUI ^ y>\ t ^VLi S^^^dJl oU-^JI Jlj-U 



oLilt J*a*i ^ IjLj*- oj-& of t-^rv (-uxi j() ^' .^r*—! (^) 

-(V) fij J-S^JI ^ V^JI <-> cJb ^JLH J5^JI > M 



vr 



^ J_Ji :>-L_p ij-^l sJl lS^^^t" <■ *-^J j^* j-*- 

I Xaj . |j_j>- j^-rfai Jji? JUJL LfJj t l-b>- aJU 4511? l$J ^1 olijJjiJt 

. a j. : ,. /t fl. l l OU-J-JI JljJpt JLC- lilj^Aj Js»J-A U j — ii La 

qIwtj cJft-9 ^ , 0 LfjjJ ^ij^a-i ">LUi . 1 0?- 1 j UaJy jLJi yy 



^Ui ^ t sL>JJ i-w>L-l i^US" ^^U: v^ta^l oU^yJ! o!» 

— L-i; ji r^ 1 ck^) ^ 

i .a.<JI ^l^pJI ^ £buijU O^All Sj^aJl Ujp-L-Jj 

2 

£L*J.j AiLU ^ a^>- LgJy ^"j-^d ^ Vj-ij^Jl i^Jl J^k jf 
V^^l J>JI Jp! s^^j, J^l^j .iJM Sjl^^rji 

JjJ, a^Vl r ^Ji oLpU^I ^ LpU^I L^jj YV ^f) i) T* * 



Vo 



^> t ji-Jjf o • » * jf(^ 0 -^ »xo) jj^J\ y> f.y>- * — «Jt aLo ^ 
Op U jS* l*Sj . ( j - ; ^... ; -. I I ^ t A -^ ' c$f ^y>r V * ,>* *>!- 3* 

Lu-pl jjkJI Jjc»- ti-i-J' >-a.kll ^ £_i tlJlft 4_>j*Jl JjJ? 

JI^L JUwJI IJuk ijj^a^J\ oL^^Jl JIjJpI ^-^j 1 4_JI i-l — >- 

il t ^ £-*\l)l 0 jb\ ^ 0~^Jl ^1 tf> \^y^\ \&*J>? 

y> }j-J^\ ^»...>JI aSUs jrr-^ ^ ^fj «A»J 

ot J^w>t> tSjl ^>JI L-^p » ^L'^ IJl* i^Jl J ji» of bjfj of 

s^^>-j_*Jl cjUj_j^aJI ^jlp of ^ oJLpLi3l 0j^» c^j-^^l ^>*JI 

tJL^yi jjdJl J iilUl Ol ^ £bu*l ^ Sly^l iiUaJl 4^ 



iVjJ ( ^>- ^5* LjJ cf^-tri IfrA^ I ^Jl ij^-LJl 

j43l J cJy i ,VY t^LJ oi oil, iiUS" oLS t U T <^ 

L. <rxrxrxrx^ ,vy) iuijJi s^ji j\ i^yy r j 

.yuji aiiSJi ^ j5l *j* < ,Y \- 

of i>>> Jl UJSj IjU- -us jj-^JI j*j 4if ^j>JI Cr* ^ 
iL^Jl oLi^> If^U^I ^ ^ T* * • ) ^"lk*J ^ 

Jij-Uf ^L^. ^UJiNl 4*Lk fjf M i oJU J 

bJL^y. JUL, o^j n$jl>»JI oj^l ^ij >-» ^oU-^Jl 



VV 



Urji c^jU: j^f ^ ^ Wj ^jj, ^ 

^ J> of dJ> ja .ii T* ♦ » ^ v-»> L- ^ ^Ul Sjl^ 

^ ^ oVl ^ ^ ^1) ^ jtf o^> 

a- ^jJl ^L^Ji oJtfj (p y^JoT \ • • • • jf t /T/ - n 

oU^JI jl ?^JJ| dib Jul, oUy^iJJ oj^ ^JUi u ^ 

s^^xx. iix* oUy>Jl J&j j^i ^ Lk^, uj- ^ J5 

^Uuij y oU^J^iJ Js, J t ^ ^ 

i^U* Jkw. ,0^)1 * ^JUI jf ^ b \ 

^JJI oJyi ^ ^ p->JJ vJJ>L, 

J U W u& tij-. j> ^ L^p L^lj ^^ji 

. cjM jjjj? ^ JS^, o^l J^>- ^Ui^ 

ol^ L. i^L ^ e Jl* . ii °r ^ v->- Sji^ ^ jily 

V ^JJ< ^jJl jLi ^ . . o^Sol jJi jIj^J UJ of w 



VA 



j_a>ji ijl* j o-U *;t ijl, u ou^ cdtUJ . ^ y ,ro ^ 

dU^L; jj-i-O- ^l-l>fcL*l j^U-Jl y J^_a Jals i^jyJ 01 j«-$-<Jl ^ytajX^j 

j-j*J <-i j^>«^ ^ jJl M-jc^Lj ULcu 015" lil jf t^>«j L* 

OjljJ ^ ioUlj ^U^M aJ Otf Ji** 11* <>• y» ^Uil ^1 ty^Vl 
Sjl yJl 4srj>» of JL?xJ 01 ^jj^iJl y jlSJ ddi5 yVl jlS" jJi . <^jly- 

jj— Jjjj t r»^J J -! V j^' cS*^ "^-^ ci^ll J :c-AS of j—- LSj 

^^-LaJjj *?>j5 ^r^U- ^y (£y*Jl i!jU«J y-l JL^r <JJj tU^iLSjS'l 

ijv-jj 01 : wU!l U^i>^ (O^juJ^j J_> j>\J** 3 J ^y) dj^xSLjj 

^-U; y Jj*>JI sxi Of IJlaj .ii°r,o j li °Y,o J* 

<JjJ>x* cJL>jJ ^J! lOAj ^y ^5t , jUp^I ^ ^_yuii li^Jl J^U 

(J ^j-^ 1 J^ 3 ^ Liiu oL-UJI J5 0l5"j . ^ * , YT j 

cJ>j— • f ^-^r ^y^! U^Uf Li Of g^uJ Of J-i t^Ui 



olfJ dli^A; «xp ijSi\ ((^ij^JI)) a^^JI Jjl* ot yJLi of UU- 
Lj> 5 jJ-5» o jl js^\ Uj~i» ^ * , y* ^^^ii^Jl 

Of iJj j&j .dU^L, «jy ^ 3^531 oU-^Jl JI^U ^wx; ^JLII ^JUJt 

t*_iJaJl *y>Jt ULft i?-^Jl J^l? OUaJaJ Jaljj ^JUl oUaJl AiliS" JuljJ 
oAAj ts^rt? ^5* °JC?^ oU>-j^ Jljl^t JL>-j| ^ <^~wjhj f-=T^ 

y> t-y*)\ Ilk Oji^l J\ djSl^\ y^_j) • lSj 1 s*^ Ojlyll ^J? J* ^y oJ^ 

( j~*~>- jy^j ^J-ih J J_A^ J* <U-jJ y Jjl 0V <.y~>r - ^J->}j iiial- ^-aJJI 

v^jbii 01 LJlp t^^-t ^ — ?r fj-"-*! Jlj^UJ Ll Ji>o of J^j . 

y ^\ J\) J gjj^i iJ »}k*}\ juJ J\ 

5JlkJl SJ_-S Of JtfL; Ofj : 0) 3^iiJl oL^Jl Jtj-Wl jf (^LkJl 

. *l ^>JI c-^J Jui*Jl ctlUJi ybj t sjL>Jl 

^-LJ OLSU] lj-»f J_*^^Jt jJ> y <;f jj-uj .^ajVi j-^>*j 1^jL?-j^ Jlj_l?f 

l^- L-J*J jJl i-iXill ^UoVl J-i dJUS Ol^j coj^iJl oU-^Jl Jl>f 



titjJsLu kiAJ\ LL^jJl i^UJlj . J bjf ^ ^ ^Vl 

<L.o.i».<Jl J?jii>J| ^ iJL_p aaJ* £^**2J J^ L>^" j^J**^' 

oJ-ftj .i^m ol>y JljU JLLP t.jJli\ (J ^* i JjcJI jWI jl Jl j-SJ jJl 

UlkJI t .L_a*dLj ^ciSU* LgJU-f ^y oUyj^IJ 0j& jJl ^ Jlj_UVl 
<y oVUjL, rj jj of Jp i-**JI i*Jjl olv*- (j^j-^ ^j^Ul 

J of Jl jyij IJlaj 0_ \ • xrA,Vo) fj^^JJI TAVo oj-Li 

fr( jj^Jl IJLa o^ cCN « jJUJIb J^j of Uj jJLp-Vi jlSj) .cyjT 5>j ^ 

*LJl jj-^U^ ^r^*^ p-*»Lj tpJl jjfJJI j, — Jl <UUi ^y i ljl yl*-l 

.(jL^ji jl>J! Jiyx~. ^^Jl ^ *UiJl JCN jJl>J| . HCN 
A. Mc Kcllar . ^ . I j W. S. Adams .j of 4 fl.a^Jlj 

^ ^Jb, i^jL^ J[jj^ ^Ua^^l of \U \ ^ Ultfl 

r av o , vnr < rJ ^jji tav i , n • a l^-U-j-- jtjJ^f jj^j 

iilkU ^A^f ^jJUJl JL^jl J! 46 aa ^L^Vl 

ju- ^ of Jb N Jl^l IJlaj .ijlpb^l 4JUJI Jl («v-L-Vl)) 4IUJI) 
OLi diJi . jiia_Jl yv t li Sjl i>-jj J ^y^-jJLsJI oL-^ 

^y ^^L^Jl I4J ^ oVUxiLj ^1 CJL^j of J^h V 0i>-Vl ^J^JI 



A^ 



o^L>- <_AJc>^ J\ (, v-^-^l ^L>JI ullp ^ s ^JiL* JUf lfSU> jl jjj SJU- 
iJJucJl ik^LJl olJL^Jij culjj-U! *JL^ <~,U-Vl <JUJI 

NJ. <-i_Jjj . £ .0 j tl.S. Shklowsky c5 _^ — ^JjJlJ. . c5j tJlL-i 
r Lp J Ja^-jJ ^aJl ^1 II* .k^JL, jlIj, IJu of (Woolf 

J') cT'J— 'J-s*-^ f>^ js^W-Jl Oljji O-I^j c$jJlj 

IJu* ^lJ^>f i-j^JI Vi r -^JI ol^y u r J> ol .(^Vl 

J?- 1 * 0^ ^) Cr->y ^ c-j— 11 -k*^ 1 Jf^' <y & 

jf ^j-^LJLJ ^ ^-1 oljjJ oVU- ejliL-l 4iJ.L; ^ 
oljj^J <>* ^Ualo^ HVi pip jUjI O^Li Aij 

^1 J.^- o^< ^ il^o" <J T > ^ Jl^l J^t 

iilU U15 of J\ j-X ^ ^JLo ^UJI oJuj . ^L^NI oLU ^US3 
y» ij-i ^rj-* i^JL, — j ^^asUiiL ofj-> JJ <Jj5kJI iLaUJi 



AT 



£U-i| Ji^ Uf ^ J«^JL U £*-J jV (i-itf » cJlj U LUJ1 

V-UUI vr^Jj^^l jJL'UJl ^ sjd t iSXl« ^ ^ ^Vl *i£aL 

^S^^ uU r Jl^J^f oli oUL^il (^jjUlj cJLclJ jl5 cJlS) JJj^ 
(i^' ^ Ol J . Jj—l j*—^- 5JU- J \J&r j 

J*. cXa^i i OjJUj cJU;^ JL5 cJlS" t (4j r ^3_yicLU ^^y^LiL. Jl^jw) 
J tabids LJlpIj L^JUpf jbAJl c^yUj . i^kJI ot^l ^ftj 
Sjl^ aJ jj_^f ^jj-f Jl ^JLJ ^JU3 <.Lj£ HVT fUJl il^ 

^ °' » ^ jri J*-f ,y U jp*i 4 * , • 1 j 

^u_ij Sjij-^ (j-L-JiJ 4iL tojU j-wJi 0j^~ii .ctJlij 

t JJUl rj A^l ^UJI 3^ ijj ^ T) >U^I la* Ji. Jp 

cy J* J - pUj ^j- 5 ^* fj^ 1 r+jj^ J cr-J 



Solar Spectrum made with the 1 3- foot Spcctroheliograph , 




i^r-ji (iyJ\ j\) UUJ ^"U Uj-Wu ^1 S-LiJl ^-ii Lo^i* ^ ol>-j*Jl 

u ^>t V>la>- «^l>> J~i^j .(Na) j>jj^aJ!j t(Mg) pj^LJcJIj i (I I) l j = >-jj-L^lj 

<j jU-SOl j-^UjJI ijjj <j-U> jf t^^f ^_-JU- ^1 

■Jl>f y>J 4 SJL*J1 oly^l \> tljflj a* A>>^ Ulj^l -li^^J .dj&\ 



Ai 



<jj^> >,...,>■ ^_*Vl aU*;*yi > ^ 4_JjSJl ^Ljcj-^l a^aL^ £jyj 

<.^y\ i-^U- {jy b\ t S>lJI iUjVl y*L* JlS>- tO^fl .'<*rjJ\ 

tdJUj . (oL>J^I J-a^ 0 ^r^) ^y**^' J^-*~* £_iy 
a;Ui* oj& H\ i-U sj^-J. of j* 

o ^Jw? Oij—Jo Lg-J>waJ (.oJ—jJl ^5 oLLaJ 0-L_>o -Ui . L*Uj ^y-lsxJl 

L^Jji ^ ^-jj t 5jL^ J»li5 pU-JI J jJJ of UJ jJUJl ^ 015 tl^lSLi; 
61 V ^j^' Jr« J- 1 -^ U5 i_JUJl ijjl^l UjUjI) aaJ^ 



jj^fj v yf c^L? l^JV ^yvJs. IJlj^j t jVl ^ U. CJ15 i^^lkJl UjLLif of (^) 



A* 



^jJC J ^ i^iJi ip^.Jlj tolUI J 

4_Jl Ljy^ U iix i-iyo Jb4 N <.<ul US' J ^5 To « 

^UJ Jj&\ J\ <_Jl uyi ^ ^ f • Jiu; of 

J*J ./ • , \ J ^J-iJl J\ i-JUJl J ^ f * <L~^ tu4 L 

t Lk^j uu^ij c^jVi «s> oUji j ■/ * , > Ux-j u*>ur ^ ^U^l 

• ^>J^\ 4-r~J^ <j-*J^' i _ r J>^ jl - UUj ^^-Jj _ 4j ^.Ur 

^_;bJI Sj^JLi ^ jJLp Jj( NASA i-S^Vl *U«Jl illSj ^ John Mather 
Cosmic Back Ground Explorer News :Ki-Jj_^Jl L^AUJI ^iASc^.» 
^-ij jl5 t *LJi^ iJL- jijJ ^Li] ^ ^>U. L^ij Letter 

oUU ^LJ 615^1 ^ilij Jl^» Ranier Weiss 

' S 4 * 

. (Bon Voyage Ui y I 



JUL »^w»L^>flj t^U-itAJ A^p-i^a-Jl i>-j^Jl J jj? i rid ^» L«£p 

a \ J Ja-^aJL <LjjL-v« 3jl 4>-jS J- 5 ?"^ dr"-? . Sjl *>-j2 * ta^l? 

J_S" ^ oyj-i T * YAY , ^ (i^^sJlj Aj^kJi oUsjcJI ^ — ^) ±>-j~* ti3 
o o • • • • j* u^i I* J± JUL tijJ^o ilTxp fU-i^l iuiUs t yJ 

L^-b»o ^1 i^pJl oU53l i_i>w? y> "\ J pVI -bJl) .yJ 4_aII J 

io-iJi y ^LJU- j^SOi J jl* JiSUj .(ijj^Jl J 

iOUjjyiJl J ib^LvJl oJla jU <$?r JJU 

JLp tjW i (L>- ii T • ■ • c^: Lo Jl Sjl ^Jl o>-^ cJajh jl Jlj. 
( JJij jl L..».,..J? jl5 £~~>*j t«-li>}j (J^- oLX«-p oL*,; >Jlj olJ^JjiJl <uil>- 



^liJj iii>iJ oU^ji iiliA cJl^ U-Lp fj\ ciUflJJi aJub JJ 

; LU Y ' j o j-JU \ » • ^ Lt ijLjb jlS" 4jf loU l j j£S\ 4j\Jlj £>_j£ 
^J_«J! IJla IJJ (jLU Y* _ J^Ju V) JJJ}\ jJ> ^yJl Jt-lfll 



AV 



Mdjji lilt* jf j\y\J^j ^Ji^ 

t)y ^ <y>j iI-l^ ^f J| ,1^ ^ ^Jj^j 

dj&\ Sjl^ ^ jf Jj LS^ ^ ^ i^ol^^L, iaUJl 

. ^U-i>lj ioLJ! W > ^ ojjU jJii: of ^ _ jjj us _ L^J 
of iJUiU iyu^F lil U^L; t k^U slk« ^Jj ^USOJ 

jjj 03j . n • Y r U j^- y> ^\ J 

i^p ^ _ 5^J,L- oU^S3)fl oIjJlJI tjLJ jf J-Jj . (o ^I^JI 
il5 cJLT, t UJL* j-L^I W jUT.^ r* - ^JL* 5jl^>- 
*>U . (5^5 ikS ^ lj> uJjf iju L>- ^JL?) Lb- S^T ^iS" JUL 

(^U-iNl)^^l 1 W cJSp^ t ^Ui>l r U UULi o^SJl ^1 
t ^JU50J ^ij SjI^kJI i^jjj i^. J^f y,j . JaUJI J jjjtJl 

JJ-Pj ol_^>Jl JA-P ^ iaiw^j ojUJI Jai^r Oj-SC 

c^Li; ^ a^i .Ljj; i y jUU »il tS^-Jl JKJl WJI 
of aJ^j SjiLJI iii^, iai. t ^>JUl kill; .5^>Jl u5 ^ 



AA 



.tit — 11 

J5Lu <>Joj j| il . o! _^>*J1 5 jjjc~' 

N L^i t^uLc* cJdi ^1 ^UJI ^tjjiJt JSU. <jJb4 ^» ol ^Jl 

iLJ i_ r -jJt Uf . <_£ ^>-l oJLa ^^SCJj . J>Jl <jp oJUju jJlJ pJl JljJ 

^» ^^Ul Sjl j_>- 4_j>-ji JLJ^-j j^Jl 4_>lJb ^ 4JI ^yo 4 i*Lf)l iisipJi uli 

J; ^ ^ ^> ^ c^d r 3 4t« • * 

oJLft ^ l^jS" Jil tiJ T 5jl _^hJI ,J*^> jJl -^IjJl j yjiJl ollaj 

jL-L. j^-j ^ i Ail _ cJj_» jj >£Jl k , ' * k V U>- - 
UU- Si ji^Jl iSUall ^» pJkp-Vl p — ill jLi t Jjy^ O^j pL«t j jJy 
jl VI . £L*Aj J^i J* ^-Jj tSiL. J5Li ^ 

o J5 S-ilU j^5J jl ^yi^j i <j 

_j ajl OJl5 L-X^- i*jlS OJIS" ilUJl ^ oJlftj .s^LJl 



Jl 4^U-i>fl a-J JA* d jS J* JU^VI d\j* t >dJ cOUl ^Vlj 

J^f . il ■ ^ ^> ^ J ^Ui>l r U( LiLLi j^XJl 
c^JJ oUviy Of ^ pi^Jl .Ljj^ dJi OLS" ISU 

■L\Up>^ t UU- JS f Uf dyji oljLU V jl5 ^ t J^| 

•tW* l?>^ jl J^u til °i • * 

*± CU^J ^ ^ J JIj oLi Lf) ^ iJ^Ul a _L* OJ 

J_£^j U>£- jLS - 4jf Jp t Jhl^ o*J-: ULjLi ^ cMj 
4-,j>Jl oU^Jl ^ ^ikJ i^^iJi il^j t o£H jilj ^JJI 



mi 



i3 T i-JUJI -lJjI ^ *rjj JjS" ^U-iJ UU* * JU 4, c^UjVI J J^T 

5 r UA\ 2ji JLitj yw*f iiliiT otf cb-is- Ls^n 
UUJI of jju o^l U* Syi ^ ol» cUjupI USj) o~Vl y> 

• (<j^ ^ ^—^ Ir^ ^ j-^ ucsr^j-^ o**~^" o* 
juJ Jl UiU >jj of Up t JjV! ^.^LjJI jSUjJI i-l jjJ Ujl^J 

f oj-Sai v otf ^iil cjyi Jl ^f co^l U>; 

t-Jlj-Jl a_|Jjj ^.^....'t L«_4 a_j ^ki Ajj^ ^iJLJi J^f ^ ^ .c '.."j ttiUj 

. jjjIjII J-^Ij*; jf Ai^r^Jl 

UJf >^f oL5 ^ o^JI of Ji J>LJI J^l Jl^jij 

pUt LilLi ^-wx. Of LiLij JLp UliiT &U\ c\^d\£ t o^l y^LS/ 

^.^ap £L*-i)/l oLJJ? j-^p cJjJl ^ j^j oLS t^U-iVl 

J_£j. Jp -oyr-^ t oj£Jl ^ ^ — a3l J~ oV ^ Jl 
p*io*l _»f oL^>Jl ^ oUjJ^Jl of /xij) . <s&> ^ c^ 10 ! 



iSs~~ t^L^U-^l IJLa jUu UU I ja\ ^e>y jl UU ^^Jj 

^ jj^l £Li>. f JU jj jjSOU uij^Jl jUj^l ^ jl t J-*iJl IJLa 

jjj U Jl 5jl i>-jj cJa-> Uju^ cUUS« i JjVl s^jJbcJl jsUoJl il^ 
Ijji ^JLr s^LJl cJL5 <k>JL)l oJl_* JJj . ^-^ilS ol^-jj ol jLJU 

^ J^u ^1 ^JUlj t J/^t jflJoJI il^ ^ U ^JJI L _ ? ia>J! ^Uijll 
^ LiLi j^S\ juajf ^ oLJl c^w*l L.ju* (> ^JI ^ ^jVl oLi* 

L* jl t j-j^-I J jJL jl . Aii>J J_5 6 j\j->- **rj* «-ij-iu jf ^iS^ 

?4»- J .til 

j^p ab^w. jj-Jy J_5 J j^U oi J>i ^(JJLp jjj) ly- jL* j5 ^UJ-Nl 

Ljfj J_di nSj>-\ 4_^»- JJlA . jj_£)l jJi m L*Lxa I la..... Ijbl^ LtUi 

^. ■f " '" jj-^ll ^rj^ Oi* ' j-* . £j\y>- ^ Ui^p u-.b 

L*5 ia^aJLj i jj£J| jJLi JbljJ y^Lj (jL^^I iJ^Jt J) 

f c * 

j» L — I j^a-^» i-U- oUj-JjiJi ^IjJa^l jl ^j^w . I y>- OlJ,VI 
LjLp j j5Jl <5 jj^o Jjt^> jLS" t <jj j-Jl oU..->ll j s j-^JI oU j j-^SO^ 

^ Y 



jJLi ilL* j15j tOj£Ji j-UJ Lw.Lu 1 Jbtjj ilijj o>-j^ J^J? OlS* i^lJlk*?! 

<sj\ — cJLS" 1 — f \ ^\ tL^jii 4 ..„',ILj ^yUt Sjl j-^-il <-*rj* cJL£ tOVl 

. ip-jj V ' * * • = V * * • xf 

tiLlS" 4^njbu Jj^li OjS}\ olia>J y tiol^sJl ol^ aajLu 

. All j> jJuJl lJufc LaJ lJ y«J Olj 4 ^U-Ji)/i iSU* J>» AjoLJI oL-->JI 

L^^l f ak^ Of ^y^i jf ^i>l jL£) ^ il t£ L*i>l ^ 
jJjJ aJlS" U-^pUjJIj L^lS - L^iU» J^-^ tiLJlaLii Olj t y*-^, 
j^L^ y S^—iL* iJujJi oJla pJ! .jSS'ljI (0^^ 

i^L^Jl ij^-jJl i^Jai 0t VI .(\J*r iJU l^xiiU? jJl 4i.Jb»JI 4jjjS\ 

J dis jJj ,SU> r -^ r Of^ii; <j~zJ Lf. ^yl ^Jl 

m t iiUaJI E)E=mc 2 j j-jl^-jJLj ^^JgOj-^— a5U?b 1 0 ^SLJI 
4JLUJI ^ a_»LUJ! oJl_bij .«j^i3l Lp-j*- c t ^jJJ Oj-^-Jl <Jl5 



<JLU» JiVl Jl^ ^jl — ; ajLU 15Jcuj jt 4 m L*^> JS a^S" ^iL* 
j /jJ J5" iilk oJlS" IS! Jplidl ^ jf if^ii . J£J mc 2 « j ^£Jl 

^iUJl j^^k-^JI *lk^| ^^aJ <_mi5UJl iJUaJl jl i[ (.mc 2 y 

y m JS ikS" jLu^ jOyj jf V .yU- itj** ^JdyJI 
iJbS" jJj-J 4 yi& V iijup ^LUJI j*J t mc 2 y Jit Upllp fl-ik^l 

Sjly- A_?-ji ^ j-^aj jf tJU»-lj jjJ^JJ aj^^JI iSLkJl iL>uV ^J&i 

Boltzmann jU^jd^ c^tt ^ ^D) ^<-L-Vl ^L^Vl ^L'l5LJl 

^j^y Willurd Gibbs ^j^r ^j?*^ y> dl»jAy, 

J^Ji jL5 >V\ ^Lp 0j L^j! jl JLJuj t ^J^>JI ^SUa^Vl dJLJLSUJI 

c ■> oLpjLjl oJla 4 <JUpI Lp^/ ^Jl u, JUll ivijUJI i^L^f 

oJy _ jj^JI • , ' • ' - A1W ^ * jUjJ^ c-lJ ^Jj .(J^J, ^3 _b> 
Sj! yJl dyj-d J5" aJUp jli 4 IJlA , f yd£ 5jl y o-ji J£J 

^JuJi *IJl>- LyS ^ t ^^J| laLLi j^£ii UJdp t *JT' • • 

cJy ojJuj j jsSS\ ^ Uy jL->«j j j ji&i 1 g, -C iSUaJi cJjJ 
cJy jj^j^ll V j ^ ^ i-i^U-^l o*>L^Lidi i^i^jJl iiUJlj . J*-lj 
^U-it il T • ♦ 1 aJj!^ o-ji .jJOl ^Uijfl jU dJJJ .Sji j^Ij 



mc 2 Oj—CJi JJVl ^jl — ; aJLJ? jJJLj of ^ t l_^^L^; 

A_,j^La ~oj\ y )ht ]\ A>-j} (^jl—J j_^jiJJ Sj^^JI iiUail CJlS" Uj . ^L-w>iJ 

^ylpj . 1 oU-;~->Jl J^-Jy o^^J^j c-jtf ^jIp oj— 1» mc 2 

i-SUs 4 SUaA^R^Lxp Sjl^p- Aj^-ji)) oU^?Jl ^ ^jj J5 jLitlJU 

iwJI o-La ^Jl, jf ^UijU jj . o^jJ* c->'b p.M.*>JLl mc 2 j^SLJ! 

i^jJ s^JiL* o^ji j| ,0j^^J (pUlJI (^JIm y> djjkj^h 
^ c_ — Ji j_a l*J? iJuj .cJ^ f-U-i| J] j^_>JU UxSGi iiUJI J^j- 

Ol JJ "L> V L^l S] voj^U oLw> ^Uj^j^Jl 0^ 

U^U^, oi Oj^.j^ - Oj^i ^jj Uji of 

OL^j-j c^U iJLkJl 0 j_a ^ of LuU lijlkil oJla 1£Juj oV ^ 



ojl^>Jl i^rji JL^i i(^il5 L^p J^J cJy Oj^J*i • , ' * • »A1W) 
IJL*- ^IopL oUj^jj-Jlj oUj^_^J)/l jULyljiJj colijJjiJl 

Ljf j_A> iJlAj . o jJU Sjl yJl ^_-> (j—^iJl 

. (la?- iJbJLi 

e^J cOL^^Jl j-ljjf ^ £jJ J_S" Jp jJaJ L^li jJl^l 

^-—j^-r <d>Li» J-S" of l5~*^ 4 i-^-L^Jl ^l-dj-r*^ ^5* V"^**^ oJpLi 

^*>L*Jlj . l^JJ s^Uxo oU^ L^f Jp LfeJ] ^kJl ^^SU, iSupUJI 
*y ->L*a» *~~>- - ^>~>- £jj U5b oLS^»^/^ o[* ^yly I^L? 

^k^» *y < _^j . \ ^X* |»Lp Paul Andrian Maurice Dirac (j-ijj- 41 



.(jiK <srji x) ,YY1) jUu UU 4-^1 Sj!^ 

4^*Jl Sjl y>- {Jy*->, Vj~l>- *— >L^J1 <j L^J «-^jUJl Jjx^j 
oL« r; *««^Jl La J jij jl ^j.^a">.'i (JjJL>«Jl iJub b ^->- ■ 3 " . oUk-w^^Jl 

£-tj£ ijl-ij ^ 3 JUL- OJl5 jJl lJj _JaJl ^ ?l$~IP a ji y> JLpf 

— p oLS - t^^iJj-- 4_&U5o"lj ojl j-jJI <-2rji oJl-S - LowLif- t Oj-£Jl 

p-^>- _ p-y~>- £jj J-S" ^yUj Jj_jtaj t (^y? yjl (^jL^j v JlLaJl : jL^aldVl 

eJ_A -Oj-j (JjL*^J 1 — A_j jl — o oLjJjjjJI ^ ^jj < ^^ :>t J J iL/la 

* * c 



j>jl_p jLS" lilj t oL,„>>Jl ^jl_p JUL -bj_u Lf4jJi_^J jt jy* j-^t 

1 jl=>- JLpI ojl j_?JI k-ji Uj_& . jU^Jjj CjU J Sjl yJl 

j^Sj t i-JLj^l ^.Jj^laJl oJla Ji» ^yii . iU^a oXp c<jjixS3l 

\\* ., : Lw-Ljj i^LLa Li-^JI Jj .y oL ->Jl ^l^jl uaL. 

oJu*. J-Jl* . oUj_Jja)LS" JawaJU j^f ..Sjlj-^l Ap-jJlJ <*j!j-JI SjjaJl 

^IjJI ^Jbk» j» UjX» 4jlii>Tj ila^J JfT Oj£}\ JuO (1)1 iJUJI 

U^ip Sjl^ -L^jj jJ! oU^Jl ^ jjj jsa ^Uuil c^j) njljuij/lj 

^yjl ,iaJl oJu J-^J . (iiasJUl ^y Ajj_53l Sjl yjl 4_3-jJ> 

(e + ) jjjjjjj_JlS bL^L4 U^j>- jl ^^v-jJ ^/l L.U jl i.i}jAt 4Jj1!j 



<jJL-*~~S>- o[ lIj-^Ij . ^_>-Vl 4_)L>JI ^9 L<^P Ley ji 

y> { j^>\^- JjJLaJ ^a>iJ i (1 i ^y oUjjyiJl c^-J ^j^j) y^JNlS 
jl oU^-wj^JI oJL» y> ^y*- — >• Ijl~*JI Ijl^j ta^JjLJ iU-i*xMl Ij—^d 

yh IJU iU-i~.Nl Lu«j) . ^- *^ ^ J oU~->Jl o-U 

<. ^^yuj^-^l «LiQi!l aaJp ^y L^i5 LS , J jl ys SjJJl oUj y£JI 
oljJJl I j'p C n *,<J ^yll oUJaJl oli SAi^Jl ijJl yp lil Jjj — Jl 

. Lg^> J£J ^jJI Sjl ^ Jl asLs^NU oL~~>Jl ii>Ujt y* ix<J J£3 

. j *j 



yjj iiUii 1 . JJi>- yj jjlyJI y> jj53l kf>j^> J p-S^ij U jl ^o-jjJl 
ijLtS" iSUiJl jJL/w Ul . ^jUJI y»J 4^j>*i<J1 j^SsJI <^_f>^a ^lijjl 

iiLi AiLiS" jl bfj xij . J 3 H\ o.j^l J iJUiil J^J Ij-U^ >jJ cJl^ 
jl lil L^SUJ . 'j 1 ^r>> ^| ^ J^il 

jjSUj t-UJb^jJU j\ Jt>U- j^l ^ Jj ti3U - ^iU o-U-l II 

<-<Ss*-\ J\ "^4 ^ ^ ^ Ja^ ^ ^j">Ul j^jjl jl jt 



5Jj£Jl Sjl ^pJI b-ji 01 UU* clJu Jipj .o^50J v^ljJl Sjl ^>JI 
Jl iUJ ^ Sjl^l ^ J^- ^ f 3*>Ul ^pi jU t L, n S^» 
if ^ lj,U .^j^Jl ^j^. ^ £ 

^jJI ojl^^ ^rji y> J — 51 ^j) Oj-^U ^ • * Sjl^JI l^rj* 

J! JZS i * • dAJ-LSj t ^ Jl 5j! ^>JI Up -L^J 
\ • * ^ ^ J3 4_JLS3i SjuJIj, .^JU'j- 5 1J ^J ^tj-^ ^ 

oi jj-£Ji L^J iLi" ^1 iii>jji r* • • ji i^j^ jj-J-fl 

^ bJ_p ^JLi <i<^— » La <^S\ L»Jup ^1 LnJp jf t^^jj . (A 

ojj J elj_JI Jj_j>- jj j-^i Olj-a JJL_P yjio 1 Jixu ^yij ol-U>-lj 

^jVl [j-J jl Ji Jl JS jl£ t 4l* ^JJI ^a*Jl j| il iJrTJj-^* 

4— .a.; jJl^JI ^ LJj-^ ^ JjVl JJLJaII J jj_£Jl jl5 jjj 

L?-jj ^~j3 O L o^wJ>tJI o-i* vJLoLiJ tl^Jbl — ^ ob»~~~>J! ^ iawaJL 
^ j^, ^ ^"J- 5 jLJLJl jj^ U Jl ojl^_>Jl A^-ji cJa-A UJ> 
LJI il c^J^ U. ^^J I Jus jl Jp IJL.I N J-Ji LjjJj . fUcJ^I 
j» ^J5I jL-S" j j_53l J oLij j-^JNl jJup jl -L_> ! j jij->-j-^ 
olij^J^Jl «.viJiJi5j tl^bUxo ^Jlp ^ yS"! oU^j^Jl ^apj (.oUj^j^Jl 
* L^jIjLJl* ^ oU- — >Jl Jl-dj Jh ^-^j i LfjI^Liija js\ 
IJlj& jukp ^ cJlaL^ -Vij . JU-JI j j53l ^j—SLiJ ^1 ojUJi ^s^j U 
bjt jJj , ^yUJI cJLi? oj»UJI oJl» ^ L^J iLii ^5 iyrj J^a-ill 
t 4jl Jb J ^^wj-j j ^Jl jl oLLSl iiliS" » ^.->J jf L5ij1 




jUiVl jUi» (A) 



^S^>\ cO: ^1 ^jJI aJV-u, o^JI Sjl^ ^ Lk^Jl IJU Ju. 



<uV u j^L>- ^»U^aL; ^-L->- jl-U* j— * k jLiJ a_jj jj oLyj" 

SjLJI (J Jip ©jsLjl ^t^jLs jp-j jLSCob Lu-L- jl wU-i lIJl* (jJlpj 
aJL^ J >_j 61 IU* L.I3J > i^JjVl Sj>uJI jJISjUi ^ SjLkJl 

. J_^xJJ ^Ij-JyNl iwv^^Jl cJUo ^1 oLJjSCJLj ii^aia a^JLS XJbtJ 

jJI i^J^Ul Jlp (iJjfi L^jL jdl oU_~>Jl o&> iiLj» 

jl Lo& J^i .^--'l iu- JS Lawrence Berkley ^JLS^j (j-^JL^ jrr*^ 1 L* J r--i 



\0 



jl i jl j>Ji U J_» t^kjL-J t 5JUJt e Jufc Ji ^((JiUJl)) j (i^Ul)) 

L_i5 ^ J3j . Jbjl IJu Jl Ij&w Ji>jl ^y^J jj^Jl 

jl Luip- tjJilj-J L(j~3 J-J>-JU Uj (4pxJ? ji) A^j£j Ajupj jl J^oj 

UiL- O^il JlS lU^ . ^ ji y>Jl j jl y}\ ^jZ> J ^Ui ^iSI ^kJI L yuJ 

Jp LiipL li^i _ j^jl ^p- j jl^ 5JU- J y> j jSOl j^» jl ^La yh 
il t 4j;Ua»J ^ ili^>J JS" J j^S3l ^ \f iiJUiaJI ^ d^o^Jl 

A3j yu> ^jAy- OliJa; J* Vj jVl J J-fli3l IJL* J L^JLa jl 

<5U- Jl aJL^3 i»^u*j (5 ^-^1 oLJU_»«Jlj oUIjJx^j'VI <_pjJ UjL*i 

» 

^ . ijjU L^uJ Jiaj ^1 ^^UJl ^Jiju L*jIj iILa j^£» t ^jl ^ j jl y 
^S^ot (^r^ .■A-oJa-uU ijQaJl ljLjjt> ((iJU^JI ^-oULJl)) oJl_a 

Iju J-u; J L^l VI t Jl ^ jr 1 jr* ^ jl oUju^U 
^ j^-ili J-Sj ,oUJk_viJI aJifc J aSjUlJI oU.^>>Jl1 aJ53I iSliaJl 4^J 
^I^J ji J-j <oJl*J jl jlJLi* iJuUj cJl* (aJ j ^aJI) JpU^JNI jr^ly 

Luu La jIjia* JJ? lil tUJ? _ ,^jl ^ r j>Ji jjljJl 4JU- J 4_»^iLJl 
jl ^^kJ V jlJJLjl I -La 4^J jli (.jjljJl -UjiuJl t^^US Ujlp 

C -aJU.il j-^^lj . L^lL- jl Uj'Juai«Lj^J jl iwj»o Jj t j jljJl j-i ^^Uiw 

Lg^l j— >- ^r* 3 ?" J— * *• c?jl ^r 9 " ^3' y J ^^"^ ^Jal« J ^ialU 

> * f 

,A^y j <^\s jji v'k^ 1 jjaiiJi ^ Ji VI 1 jij^Vi 

. ^LioJl oJl* cJl5" ^£ A3 j*j> Jjj 

^Jl 4 — o ^ La '- ^ 1 1 Ja-J Jl jJL;j . L ^Jjl y- **>-j3 Ja^ t t^jl ^ j j\y~ 



£L*J>\ y> ^ — >j uilb" jJIj tO^fl ^ LloLip l$Jl Up-j 

ejlyxJl 4p-jj> C-llS" te^L^JI oU-^^Jl oU-j*-j*JI ^JA J-lP Jyij 

ioLc- wb»-^J (^Jj • ^ i^laJuJ I ^y'^p- 0^*^ fj"^' JL>-jJI jlJi<Jl ^ 

. JS" 4ib5 JbJL>o ^ JLi 'Vj t 4iUaJ\ 4jUa» ^ ^oLa* 

*UI ob^l JlC\ jjuJIS t tU Li* iSUj) J^jjj^l 

Jj-^>Jl j-joLUI J&j ; J-^jjJL-^JI C-»Uj_>[ J_tP 4_J[ UUi* 

T* * ^ aj'j 1 ^1 Lo-X^ lil US' La^jl>J jl ^SCw IJLa aUI 

*UI oLi^ oU sju'LJI Sji ^>JI i^ji J) jils 

c/ o^-ii jf X M • xr,r ^ o^^^ 1 UJi t 31 -^ 

isLiS OU Q»xJI iS j a ^*-^> ^ & L-J| iiUS" L^i; eJuj) ^tSC* ^i*-^ 

cJj -L^-^j 4_ii ^\ia J^»ci . (iojJ^ aJl< a-JL^S" <JL=- « Jij 



^JU- l_u>- Lua jl_£J <. ^j>J ^^-^ ^ JU»Ji j-* L*5 <j~t^-* 
JLii; jl UgJj_SJ jl\ oIjJlJI J^ 3 t JU^* jl oU^.Nl jlotJ^Jl 

if t 

^ .jl ^i>Lj J v*f> jl j-r^ j' lt^*^ 4 ^— ^ii *■ W*^ 3 - 9 

• j^ w ^ 

o">UUJI o-i>^ . jj53l 4j_l-b s^JlS ^Jl iJUJl uoU-jJOI 

<LJlkJl 4_] I J ! jl a^L*iuJl oiUJlj o^L*Jl jl ^J->- t ie-j — j 

4jL^2.<Jl ^jj)Li<Jl j W v-ij ^laJl 0 -1a . ^J^r ^v 9 LLio jl » Ai^^aJl 

J^La^tj^fl . oL*-s^>Jl a Jut Ja^j jl5 L^-j -JjJjj tOiwJl il-U-! 



^jJ SI c>i j^lS JfT ^ j^I IJL* .kli^VI OjJtf* JM ^k^Jj) I Jul 

-(J^ 1 o* ^ 
oL^^JI Jl^-SJ *-«U 4_J6" ((JjjjL»» ids' i^^jLJl .>j_*Jl _ y 

^ s^ai^ jj* oLm> ji aaLoNl t oUj y>Jij oUyj jji tij^Ji 

Jjp^ SI t ^L. ^ ^ ^JL)I fll^ SSJC)) J JUJI yfc U5 

^J_*JI 015 JUS ^oj .^^UJL; ^^UHj j ^ J\ ^kS\ I A* J djyy 

j^yj-Jlj^j^JI ij^J; j! J^j ,^LviJl ^^Jlj c^UtJi 

(^-^ jf) VUzil ysl UJ L^JI V] k < N >UfJL5 Ji!J5j ^jj^ iUJl 



iJjJl J»U>JI j jJlij . ^liJuNl j iSUJI ot>Ujo p..->- J£S" Uaj (, j ^JjiJI 
»L* c^^-l ojU; ^JJS Jiii) .IjU jJ* V S^U^Ji oUj^JL! Jl&l 

jljL^Vl ^ jlk*J ^jUiS" -L^-jj .aiJjj^Jl)) «Oj j^J^l)) 

oUj^J^J Jl^I iJ^Jl J_^JLil ^JuJi 

ji ( j~>- ^9 ie^UlJI L^U^>- iJL_P 41* y^J^i ^J-*ij>J^\j 

jQj tL*Jaa jUUx* ^jJjJl jl j-Ljj . oUl<JI L^JU^j>- iJU- O U-j^^ 

e" Jj^Jij p jj-^ J) vLl&b il 4 (n) ^U-i>l JlJU^I 
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Jl5 ^ iJjS^Ji 0) «J^ijJU iJ^: jJI l^i^j ^LjN .o^ij 

^> ^ j^j- JS" ^ ijjlj Jia_; ^jiLiJi oJL* jl J j-dJ (iJ^eL<Jl jl) 
>JV! jl* 4 L^^Wl Lojip ^L-U- Uui>l |j| t0 53j .^J ^yJi 



<^JJI ^ ; ^ JUUl ojJI JU- ^ l^Uw: ..; <jt UjU ^Jl CuljiJU 

i 4JLJI jf 4 ^J^jJl ^^oJJl j ^jVl ^ j\S jllj . j 

4_*J ojjL^J t ( rn ^ « ) jLLJl jLJU jUu jLJLa or * o^lj ^jojIjuL. 
^ij . JiLtJl w»Jl>J1 i-kJ l^-j UJ oU.....>Jl dJiLJ ^JJI i _yL;_ r gSoi ^jjl 

^Sj jJ L$jV tioj-A->c« o^SJlI iJi£J! jf ;4JUI 

SJL^ t *J ^ N U Jj j^Jl vVfr^ 1 S^ 1 

4 ii*4* jyj-s J£J iLLiJ! Vj- 5 ^ V^j^ 1 i>>^Jl jL UJL5t 

. LuS'U 

S^LJJ A^jiJt (^j-Jl ^ W^ 3 -^ ' jl^-xi I ^Al— jj J-v«j ^jj-^' 

t 

j^ji jLU J5 JjUl« i+r-zr -^rji J^^ 1 J^ 4 *" 

c~i; ^ j^s^l li-ft ^^Jj) jj^i oU-U-il i^LJl ijiL>Jl oUyy 



JL>-U t ^-J^j y ^ gjc- oy L _ 5 5l!j . ^lajJl C-ii^ '^-tH o-iA_j 

i-prji jLA- <-iNT oyLc- y y5l aJs sy,y>Jl 4^-y ^y^LJl J l_LoJ 

Syill olft J O^j^JLJ iji^ 4P-jJ> y^j t (J Ar >») 

yo J^J! y J^jUl . ol^y y a_J L yj Jp L>'j 

Sy jLJU-; yw^l JyJl IJla jl5 jJi .L^'bUifl y>j ajjjJI oL--~>Jl ^IJlpI 
ol» r ....>JJ J^JI ^Jl*J! y jLLw j-Jwji JULjj woLi_^JyJl ^Jlp y 
oU-^-^Jl j-L-p jjU^ (ajjjJI ola...^>JJ ) y>-Vl jjuJI IJL* jl£J t4jjy)l 

4->-j.3 C-la.ft UjJJj^ oJLft ^iaJl i^>-j y*i . -iadd J^UJ Jj»-U 4* — L> ioLiL<Jl 
J_S .JLJUJ t Lj Ol»._ .>JJ 4^>Jl ojl y- 4p-y Oj*J La Ji j Sjl y- 

U>J& y U£Li l*L<J LJLp jfcj) yJ ^xS\ jJUJl y J^Aj ^' 

. (diij JS y ajUJI y jlS U-jj ji j 

iJLft Jl j-Jwp jl jjj N -i-L-P J>y-j 4_j <y*ij) i JLA ^pl JldJ 

A-fjA^- ,yJ-*Jl j~~*t i 'LlUJl oJLA Jj . ojUaoJI ajLji yj SiLJl y fiJ^s-lj 

j^Jl JL* Oy= <JI La^LLj tjLLa y Jb»-1 j y JjjjU! ^-i*Jl <J jS 

4 — JUJI ajl^-^ 0«J Lo J| Ja^ jl ^jwJ OJ? <La_>J 

y*j 1 4jtk>w> ^Jflvo yo U- j^ 1 j^Jl L^J jlS" l <j j yJ I ol».....>JJ 

15 >UJI 

yj * j_^ ^ i ^41?v...<iJl jJi o^Uixs ojU ._ S^L» y ^-Ijjl OjUjj 

ojL-JI y j\ — i ol: >-j Jl ojL-il jMl y>- Ja*OLj 



<U-J^'| /^a <jb»-LvJl 4 Jlj , l_Jjy>o> £jL>- ^jfl ^yb LwjJ t tu^^a {j* 

4_>v^^ll oJj>-lj ol — J2^> o\ jj j I l-Ls-ij I^Lva>9 U^jjjj 1 1 jjb kS^J 4 ' • 

j jl ^j^j ^1 oUj-JjjJl -la^*>L, l-b4 j! dlta Jl > . aJ ^£Jl 

4-iLsS" : ji^I iiJj jf) oUjjjjiJl iiUf jl '.H^ JUx*-l liUjbj 
Lx£*^ jlS" U 

. 5jJl>wo i*-j9 l$J (.Ljl iijlji* ajIjU iJb j^SJ! jf _»J CjJj»o d)i 
j^—j of .lJIS^L; jlS ^JUl iK^Nl / ^-j>Ul ^ diU* j ^ jtS 

. j yji jLia -b»lj jjj jL ^11 j>- 

il^i «J ^Ji jj_SOl jl LUi JL_ij ? JjiJiil iJuJl OLIj GL- j&j 
I^tJ^ t j ^j53I ia^L LJU- iiLft jl Jl S ^piL» iJUj 4 i-SL^ 

J» '/. AV ^j-fii La iiL-Jbj . L-;t-J>xji jj-?xJ^s jj_Jj^_; J5 J-jU* L-J— 

^^ij oLJj i-Ui toUjjjy ^ JL>«Jl j^5Ul J ^j^J' oU-^Jl 
j» JjxJJl i-oJl jl 



fl^jj^jj)) iJiS" LiL?-f J^jcl^Lx) ajjJJI cSj-^ J^'^ 1 ^^Jyj^h *— '^J^^ 
<ul J jj ^^J^l >o^JjJI jf . (ojUwj j^yyil ^-lU 

<^?tjl~j U^" t4JliiJl ji! ^px^-j j^Jl ^ j j£S <.<syA\ 
oUjLj J*>^ jl Lojf lil Ljf j_a Igjixi 4_taLj |»Jl_pj o^LJLJ j^jjiyS\ 

^ oUj jj-> oLjjJj^Jl J jp^o U-UP JJjIj olyjyjJt ajjbj t jl ^^ik^-L; 

j^J t JJJI J^U ^jVl ^ ^^Lj «, jL^Jl J^U ^U-Ji ^ 

Wolf- JjL ^JUiJj a^rj ^ d\S jJjyjJl jf ii-i'Jlj . olj^y^JI 
jL-xpL ^1 li^j •oa jij . J^i? ^yj^ Lu^" AJ-uLLa JJ gang Pnuli 



\\\ 



J-JJ JpI lA^ JL^ Ol ^j^j -Uj^-j Jp JJi bjJ j*^ Ol Oji 

Optd tlJ^- ^j^JI SjJ5 oU....>Jl e Ju cJ15 y SI .olyjy^Jl ->.uJ oUJl 

4Pj~o Oj^Jl UsLJj tLtjd^- I _pL" AA..m.^a 

oj^ ol V J^l jbJI lju> ^0, . jVl jiaLL, U. ^1 

L^SU* o jlj c oUyy ^ diLjb U jJi Jp LjJbUia jl olyj yjJ U ^ 

sLpjl* oU^iJl p\ *Jl_aj ?JyUJl j>juJI Jl v-JL ^3Ji5 ^Vl 

J ^1 Jua*; (w>>Jl oiA tLsi j-j U IS!) l>, J ^yJI li* 

4_^P Sjl ^ -y Jpf 5jl ^_?JI L^-j^ CJL5 Ls^J-Lp t L^J? 

\y - L^jbLMXa J^aj cjIj j-^uJJi ^ ^^^^ l5L<b cJlS" t oUj j^J^I 

jl tLL^j IjL^ JUL Oj_^Jl ol5" toj _^JI cJufc Jj^. Jj 

ol ^ j^LjiJl ^Sj^Jl <l~J> j3j . oLJjJj-dJl ^J>-3 Uj ^ LjL^ U^-\p ol5 



iJLc- IaJlp- ol>j i3UA U->jj .oUjj^iSl ^» \ jk^a>\ tO^S" 

objJI oJlaj _l$j'bUa» Jlp oU^jUl _l^j"bL^w Jp oUji^JJl 

^jL-o LJjjjL* b_u-j t ji^al! Oyy J£ :\&\jj>** 

.jyy J5 JjU» (^J^ <c£Jj) :>j^ ^ LJyJ bjpj t 0_^y jU* \ 

Ji jJJl^l^ J^fj ciJUJl A^Uui)/i ^iUJiJ 

Ju^aixll ^3jJl -W^' • ^* >t ^' ^ 

* ^iUl ijLiiJl J-4>«-> <U j^ot^ <u^< mjJ j~» ^t-r^ ^yy^ ^jfi J 



^ ^ pjUI ^ ; JjVl «uSl« ^ju 

U C-ij ij\ j~>^\ h>r L§J> Ja-^J o jA JS" ^ yJI ill (—ailjL. j i j j-S^Jl 

. L> ^ <uU ells' 

jlW) iyjJl oLw^Ji «JbS V/ ^ LyB ol^>Jl oJUkj . ^ 

1 W >■ <■ ^ C^Uj^^Jlj . (!,4_Jj^l Ol »->~>Ji ^^2AJ L y9\j_>-)) JjJ >■ 

j-itJl L^-a*u JjLj tol^j^^Jlj oU_jjj^J|j oUj^j^jJlj oUj^^J^AJ 

^ .^jjjl o.^ 1 <iJL-LJ ^.30 ^JUI ^JbJl iSj* 
^A** ji^-^ J-*^ ioj-dJ* J_Uj UJ ^Ui JjLj ^Jl CjU., ->il 

Ui^ai IA-jL, t j^ji^Ji ^ jjiJl |Jub Jlc- w>Ljj J^L^o >_-^jf 



iijl y>JI i-^-ji cJa-A UjLP ^1 t*jJl JLaj iJliil ^yj lJ/^ ^uJl ^Lp" 

4_X*Jl lj\j->- £>-J.3 ^ J-if O-j-UI O-Uj I ■ ^J>- j jilS" jLla ALa 

. Obi jJI i^kJl pLj^L JjJj ^ 
^ o^ jLJl- Lju j^fll s J l^ : 0) JjVl ^ II 

jjlyJI ^ oy <p ^ ^i^JI ^^Ip Oj£Jl jU 

jl LJip Lo J5j . oj-Jl aJuh JJ L. JlSCJiVl ^ J£Jj ^iSy; 

tf\ J jj ib5 N ^Jl oL_*-^>Jl L*J?j t (jiK jL^L 1 Lg. - ., T p 

oL-. >Ji ^j^j ^1 j->-)) Jj-^r ^r^') Lf^i^LvLaj olyjj-JyJlj oUjJjiJI 

aJL?- ^Lp aJL; cJl£ t o j-*^ 0' <j J- 2 <y oly«- — !l jl 

iwiUij toLJajj-aJlj oUjjjoj^Jlj oUjjx5JNl (5jly»Jl jjlyJl 



j-. v «".H . L-^=> ^yJl J_»LL«Jl oLiiiJ ^ iiaiJ ,j y — o ojl yOl 1>-j3 ^^Jo ( ^ ) 

(^.jwaxJl -Up U: ; - il <pL^> ^ ^'U 

.(^>JI) 



. (L^JbLoiaj Ol^LiyjjJ! \J L^»-? ^jipl UJls ol^Jy^j 
^ ii ^ M * ojl J _j>Ji S-Sj-jJ jl j_ft j t ljV ^Jl L'Jlp J^—j j- 3 "^ 

.(4^>JI W^-k JUlj I^p^ ^!>i) J&Jl 

^U: L^bUwj ol^yjJIj .oljyjiJI AiUs iil^ i/V <iLU isliS" 

^ bl US3I iilkll .oUj >ojjJlj oUj >£J^IS L^b 

5_ v + V 

Y t i 

£L*-il J*-f (vlJLtJI J^oaJI ^1) jU^i!^ _ jU^ j_^U IU^mj 
LajIJl-^ isUaJl J i^US i^AS hrji u \* Sjl ^>JI ^-ji y uJ ~J*^_ f S' 
jj_£Jl i US3I AslkJl .^JJI J cJy j j >£J| • x * , VY 

* M • X Y ^ (^f 4 oJL_A "y. i- bl l^JLS i oJUk Sjlj^Jl i^jj 

Y 

J *UI U\iS y> jLL* T , A /\ 1 /JLJI J ^ jlS jLL V , A UjIjUu 

dJUJu ^1 tibS" cbL*J L. UU* jl Jy! . v^Jl V^J^I 

UJ E =mc 2 j," V,j)l jj-^-^ bU^-l jjikj ^ iSUaJl oJl» jf UJs 

ojbki) >Sy» Ijuj jl5 j jSS\ y J J5 jl j-fbj i y> 

CJlS ((J^UaJVl ip^— ) AP^-Jl oJj(> . A3*>Uajl ^ (J^' L*-*^ 



• ( r ^r^J 1 A^ 1 ) ' , • T LjX ^ dj&\ S^JI 

^ Jia *£j> ^ l^jL K^jd! a^*_Jl SaJJj) UdUju UjyJ jjajti 01 ^Ujj 

.<^aWJI e J^ J c^L 1 a^J ^U- ^ t U 5Ji>J J ^^d) 
Sj*~Jl sjlJ! ^ Lib J_il j^ll ^ jjj t eJliJl J-^iJl J Lfj 

oL*_^>Jl ^ ^ J» 

J Oyji jU- JS" JiU. LjS J^lj Oj ^ jl JbJj oyj^ :ij>JI 
^jL**JnJ1 ^mpLlJI i_4lx>t* o jj-j^Jl UjjJ-i^ jj^i L _ 5 ^j ji 

oUj jJ^JIj oLjyj ^Jl UaJ jl UJU t j j£>\ 1>\X> 4KJ^J1 

J? o^py ^ cJy j j ^£Ji j jJU V ^ 

oU^j^J)!! £_» oUj^JyJlj olJ^^Jl jli ii&v, . (Sjl^^l 

jj UJ cjXJ iJ&Laz, J <J <-J">Uf Ujl ^» t l> iik>J 0^1 Sj^l S^uJl j{ 

^ ejJj ^ ^ j^SJl Sjj^Jl SAJlj .^i^JJI bJU \ t —< \ ji\ *C£* j~* 



^ jj^LJ ^U-SVl dKiJS 015 Lj) . i-5UJl o^Jl a<v- cbU; 

c ? - - t 

n ^ 5jj_^>^ tVrij^ 5^ ^ Oj yy jl O^j^ ^.j^Ul oik)! 0[ 

i^jjj i^^^J! oUO y \j^S Jif iilkll oJlaj 4 cJy Oj^&l OjJu A j 
LgJl~j |»JL-^ Lo OLp^ 4-5 j*Jl ^jJl Oli '4 jii5 n ^ • Sjl y*^\ 

Jlj-Jl ij ftj oi j» L.J J_» t ikiJI oJla J jp~ jJ>y jet lLUUj N 

t 0^i a^. ^ 0_^_ 01 djS}\ 01 ^ylill Ju^aJI ^ blj . u- ^ 
JJa_~-j t JjVl s^Jl l*lUJ ^Jl S^i J 015 oIa aJUJIj O^JU 

Ja->^Ji IJU Ll»I jJ_ij tL^i Lk^. 0^13 01 yUJI . Lib clAJiS" 

J—-* C<J ^1 ^jJUilJl lAA Jl_JL~jj .tjJl ikfli oiyJI JJ p ; A;.>...a 

LJj .(h>-j>J\ ^_ax^» j>» O^Jl iili5 of w> y J\ j aJUJI 

J*>*^>- a1i~>*-o^ toj-Li im f~££ ^— — O^S^I oj'^h*" ^j- 5 oJL5 
ij>-j^ i^J ^ jl — ; i^jj LJU- U-a jJw^l 0^5 Lu.Lj ^ ^jVi Jl 

^^Jj .aJ^ i Or* ^J"*~^ (-$^ <3^* Ja->^ 0) wb>J 



^3 <-y$j\j>- ^L>- L$J5 oIaj .oUyyj tt^bU^j cJ\j^jy$ 

iilUJl iiLS" c.^-i JJla .^c^ <3j^ Uv*" ^--P t3>* W-v*^ 

iJULi cJtj U ojjJI oL, r ^<j . • , Y jVl cJJb ^ cJU> jjfll 

LIS L-*^j) Cj'Gj^jji T J-jL* oLj '/TA -^rj-: £r^J 1 

t (ii ' V ) jitf jLL. \ • Sjl ^ k^rji : iJUl i^Jl 

L^-jij ai_t53l c^fti ^1 IJl_a J*>U . iJU ^ , *^ j^SCJl ( Jb Ju» ^ Jij 

l^j^^h 5 " •jj^j^ ^JLp- Xju ^Sj t o j->- oUfc-^.--?- iljJu^ lLJ LLw j oI-Lj 
J ^Ui Ijjj jVl ^ ^Jb J> ^ t oUy>Jlj oUj^j^Jlj oUj^i) 1 ! 

4«jl L«5^P i^-U^a OljJ-> jJ^iJ A^P-i^jjJI ijP-^JI Jiji^Vl 

*&ry Jlji^la c j ^53l j-li ^ja L«5^P iwib^a ^aiLw OJIS Ig-^flJ o ejjoj 
LfJLsajJl JUo Lai . jjSJl jXi «j» bjj? <w<LXa lil JLjIj^ CJlS' Olj^i j>f$\ 



o^Jl ^ oJL5 Jjf ^ (i^Jl ol* ^) j[ 

s^Jl U_Ji cJUai-l _j . *LJl iil^" ^ VA • * • • tijLj 

Sj! ^>Ji <-?rjs \>jj* JZS 3 .^^Aa jaj cbU- iji ^ ^ ilaJ j* Jl* jl 

oJla ^i) j^l -^-^T^i ^] lC->LJj y_*jJlj oU^j^JI — ; ^Jl <Uf ^Ij! 

.(UU-il olj y>Jl viKiJ 1^) . ol^j^ '/VI j yjJ '/U (<o~Sl 

Sj^Jl oUJ! Li . L-L-t j^l JUj jX« 

Sjl^H*" ,j* oVl JCw«j ."/a — l> oLi^iJlj olJj^uJ^Jlj 



s jS" - J i ^ jJ\ ^J>h^J ^b oV t yi5C; Sjj^j oVl bjl o ^li jiiJ 
^ t-^-Jlj .S^-JbL. JjJis «i»Jb« J «, <ji (He 4) pJu^JI l\yS 
^j5C*j V (^j_Ji Of i jj>- <.ifi-j~j ^ £>b Jlj U jjSCJl («-^_>j of 
^yjj-^ . ^y^r <j?>, *~*t j** o*jbu o^Ul M| J£is of 

4_iUaJ! *>Ub>- <j^y (jila^ij ipjj^jjj ^p-jj-Uft Slji >\5^ij jl Ojy^j 

p-^' l^—^j o^^^ J^ 1 j^ 51 ; o^cJ o^j^ j\ bjjy 

J^X ol r p^LfU l^lj .Op-Ij Ojy^j (>* O^UJI He 3 

cP'-* ^j-s^r* <■ 0 j->j j_iU ji t _J>^J ^ ^bs^ ^ 

JA *L±J\ 0±-A £>J*J j&j . Jfjjyj J^yj J j^Jl (He 4) 

i^Jboj <kjy i<3yJ j^Jl J ^UJI p. U$Jl jl 

0">b p .l^H 51 J* iJjjJ, ^yj^ f)k Jil iiliaJl j>» Ll»jL 

I4J ^-J ^Ui Ji'Vi (i^iij to/i bJt^ pi^jjJi (i> (Ua>^o" t^f^il 

0L5 d\j coU^Sj^ IgJ^; oUj^l ^b IjX*j .o^5cJI ^ ii^ J\ 
m /M j oLJj ^hj-J'/^V O'NI JL^j t «UU> ol5 Jsf ^ dJi 



t>^ ^j- 5 c5J^ OVl Sjl^^Jl <^rj* 01 «L^Ji i.^— Jt 



JjlSj O yj . \jlaJ> j£y y ojly- XX\ ^ (ij n<K \" ) 

V pjjJjjJl J>-b ((A^p-L-Jl)) r^j , o y , r ,.. « c^pUJl ^JUgJl viJJ -iSj 

oUjjJjJI ^!aia_^l oVl US' . Lg^ J55f ^ y jLi ^jlp J5C^j 
oLJj^jjJl ^iLSU; (^Jj tl$JbLi<»j olj^jJyJIj oLlj y£3Vlj toLJ^jj^JL 
U* '/V *jtt ^* » Oy UA& t ^5t Jb^t fx SyJl 

oUjJjjj _ oUj ^Jjj 4 jJ I Os>t^<?fj . olj^jj ^ ^Jj Jy*~u oUj jj^jJl y> 

JSLIiJLj ^5jJ i. {*jjjJ>jjA\ J-^ta {(A^p-U-^JI)) yoj t _ y JtAij LJU- 
4_>^~Ji La ^S"i jjt jJI r Cj*>U-U; iLL y ^.JUv* 5^ a^j—j 

jl y p-L*Jl y JJrtll ^^Jl ^ ^f oli^L^a of \[ . i^UJI 

oLw- ^^-^ (^y«^ a j- fll^ a <, -Laj -l^-y V -sl^b J^-^ 

jj — & ^--IP Sjtj^xJl 4_^-j^ J— <jf *^r»t> t jL*j 4_iJ^-J 

oL*^w^>Jl ^-Uj U Ipjj JaJy" ivJJi 1^5 O-^e iiJ-Jl SjlyJl A^jij 

J^t V oV Jlpi U lJUbj) ^yJl 
. (4^uoL>Jl Aj^JI y (( j-^is yj JUul C-Ji 

^j^Jl ^Sj^S \x 7t , ^jjj, (t _^- JS J^L^ j^_;y ^L-i. <JL^ J> 



«J jlyjJI iJL^i ! JwJI L. j&j .« JjVl «WI jftijJIi ^l^U 

0*3 (« J/^ ^ Jjl)) : ^ N ^ 

tULoJ j£\ «-J_< JJ t<_pt jl5 toUj yjjl <jKla; jf 
c*>w<fl <. <Sjj^\ <—~S -^.j • *z*>\— ijjj '/.AV j oLJj^IjJlI / ^ V 

-da—J^JI 1 gK AjjjjJl ol*-^c>«Jl jJa* <-^J ja^gJL ^jJu^Ji Jjij <u~J 

. <Lj[jjj->jj j— it ol»^vvOxJt oJL_fl> <• a./i'i jl bLpI^_h IJLa 4 ^JL^Jl >£y ,J* 

oi) y.TI JUL; tijL-J ^ toLJ^Jl UU^ 
JJJi ^ JL^f oJl5 oj>Jl oU~~>Jl ^LiS" jl ^Jj .('/ir ^ oUj ^ 
i-Lt- ^^iu illJUj^j idJUi t>Lli Ij-^r 1 tiJ>^ Vsf/^' c JJ^ 
pj-JL^Jl JS^; ^-..^ ^L>JI oJut cdlSCU jj jjl s^>Jl oUjy^Jl ^ 
JS^Jl >l) Jl^JI JSSJI ^ 7.TA jjU^. ^ ^jVl > <*J, *-3U5 jtff 

ij-SA i J* jl o-^i ctiyr ^ ,J s*- 0^ ^ • 

oUj>^>fl f j H JjVi i^-JI t (ii° A Wxr) 

L-jL^j ^Lp-I oLljJijjill Sjl j>- o-jj ^^U- ojlpL- ^yLfl^l I Jla 
i5L5 jl .(1 ^LijJl J^JlJI ^1) '/ i ' , \ U-^ ol>JjJ>Jl ijj^ 




t-jjii^ ^ ^jl^Jl jj,i^_jJl jf ^-j- 3 ,^1 ^-^'^ ij\j->*}>\ AiU^Jl l^j cJLS" 

oLij^j_Jl o — 4 i>Jf x>*^Jl ^ JL^JI iJu . UjL» JJ? — >Jl 

I ij .j^Jl jj>l>U ^U-i^l i?LjJl ^Ki; tbiLvL t oUyj^ olijyjJl 
(^lyaNl Ju~- J*) dd* (jj-Jl jl jJ jlS U WJi f iil . ^LiuiJl 

« ' f 

s r -i'_ r Ji _waP oji ^j>- h*-j* J_S" JCj^j iLojS jjjljl ^fc-JLfJl j^j 

. . I^.- Ji Sjl yjl oLlj yjjl i^-J Lf **^0 ia^viJL — I 4- — Jl »Jl«> jl . <j$j jJ\ 



no 



jj ijij^ji ^ ^ p^ui ^1 ^ t ^ v J.J /JJi 

j . - 0j _^..... a ol> J_CtJ jf ^^jjt j oU j y£Jp>L5 L^i ^^5Uj SkJi; 
|»L*I Lil .a.t jUJLiP Oj^Jl L5J- J::>, - <, J-*-^ t tUUi ^y i»JLJl oUjy^J)!! 

oly~JJ JL^JI ^ fUJtyl fcU1 ^ JUai^l IJu»j .^U-S^l 
ojlpb ^L>- obits IjlJ Lj yj oljUu \ * -^vj . jjScJL f_iJ 61 j»ycJlj 

J/Vl J^MjlJI j^jJI l^iiU jJ! aIjJI ^ tSJj^LUil S^iL* l^i>J 
y u^JU; cJl5i yVl <y ^ ^^^j <_r^J 4 £dJ^ 1 j-* y 

^L-^ ^Li Jjt .^.il ^Ji ^J-JtJiV ^j^ 1 J^rt ^ il T 

jLS>) 0>^^-; i^L^ ^ jiw .! . ^ . ^ p-A^I ^y J>^\ 
viliij (JJ^ ^jjj^I J>\ ^LaUJiJ o_^Jbjj Lr*"^^ -Uj j»U idlii 

^ J ^j^- 4 ^ 0 j wO^jJl ajufcj . oJl* SjI yJl U^^* — ^ 

' lT -1 ^' U^U- 1>L>J AaJ ^yj . J_jy jyj Jjli 



. y.r • 



t^jJL^Jl jl 4_i^i>Jij . <u<>j>«jJI ^ o^LJlj SjL>JI p^jJi i— *Lk>l ^ ^jJl^JI 
_^JI i_a.i? i^ljji ^ ^ A1A ^Ip J. Norman Lockycr jSj] ■ £ 



UJ^ Ijl^j . o J^Vl i_Jl U ^">Uo LI ^1 t S^^Jl 

5 jl^JJJ LSI ji^Ju J JjlJI j yLJjVI ^ JJi ^ ilbb Jij V i oU>Jl j 
/T' j T' ijj-^a^j* L^j L-jIJUjI L^IjlJI £>^' <j£Jj tLjjJl 
^j_^JL. ^i^l L_JLr sj-L> L^j-i p j l.^ H 

p_i^jjjJI ^i>-Vl ^jhJJU jL'Vl iibb cJL5 t JjVl 

jj ^-Ui (Hc3 ^f) fJ:r L f JJ ^Jl ^JiJlj jj^ <J ^jj-Ua) 



o-U cJL> j~>- cJlS" c-OU-lixJl jj iji^j'^J! ^— ili>J 

Aj J jj w>l.o ■^■- - >- tj jj& ^ ,._Li 















V ' 


j jjLa ^ • * 0 * 



oU>-jj V £_Lj Sjl^-?- i>-jj of Lusyo. SI (.^ijj f™r 

iiiOhj <. jj_SUJ aJL>JI a^jj-JI aJu£JI iiLtS" ja.-yaJL 

. ? Jlifl J»l £jlA- j> Jaj 0^1 (J^l aISw^ 



<.(HDO) Jj53 »li J IkJy. jL^Vl ^ J ^rjiji* <-i?^Jj^ 

psj-^ 1 J* Jt^ 1 J-Ad ^iSy^ if J 

_ 4_j _^>w» Uil A^aJl e-XAj . jjJuJl J* i J* J*' • t j .-o - .3l «k»- JLp 

JlS ^t-^-j^l JU- jl5 .^ojjl ^ ij>-jUJl *J->CLLjJI J yljlUl pjyjjJl j] 

. He 3 ^i^Jl 

Jjh- j 1 -^ J cr^j i^jJi g ui ^ jp ^ mr 

J* .^jjJ-^JI olji jl> J* ^ tp-jyj^Jl ol> jl .^jVl 

U,LJ,I JaJjJ 6 Ju oU-^Jl JL^Ij . JUVl iaUall O^U- Jl JjVI iSUall 
*LaiJl JpLjjI ojj^? j'^r*J t^JJi 0^ t *ij-jJi SljJl ibSo \JLJu>- 

^UiU^I Jpji^- ^ .>JL>y L*JaA« 4 a.U Jb*y «. LJ I J-^aj JJ J** 
Cr^JJ^ 4 -^' 5J->-lj tJ^lSj^ JJ j^kj-* k^iaJjl o-XA j» J-S'j t i*JLiJl 

i^ljj ^ jUJI j^jJI J ^U^^t 

Jj .^HjJjJJI ^ (jjj ^ T ' ^j^jj^k^-L^j Ja^ 

. Jjj ^L^u^l ljUj cJopI tiiUl ^ o^l iUtf>jl 



jjJy jUl. ^ , ^ (Jlj, ^j) oJUi ^ i3U oLS «uV dUJU <. OjXJl 
UJJJJ t £^ol ^1 ^U-i^ ji\S ^U-ji r ^ aJUJI SjI y>J\ irj* of Jl 

^ ^v^-^ f« • • Jl^ ^ aiiSOl 0 Ia jt blj SI i jiJ^ o_^ LJJJI 
01 i ( 1 ^j-^ 1 j>-£Jl of dLJi lil ^x^J of LJoo t j jJU 

Ji ^Li^ o>£JI ofj tLftj £j— ^yUl ^ ol^JI ^ 

Jl ( *_^ jl5 p^oJl J^-b i^hJl ^ 5^UI ^ 015 lijj i JuVi 

ptjSjjS\ oi .j-SUJl lift ^LsWl J^U Jl Jyl of JU Uy 

. ^Jda_JI aU-aIL; Ijl^ i j^LJ Jk. aJI V[ i lJjS jiJu. o^ 

A^Ji i^U^i S y^Ui ^ ^i>!jJJl ^ V^Jl si* of J^Jj of ^SUjj 



JfJ>- j\ t *-?jS 4_*Jif j\ t (li j_J^j_^c) (J^U* jl^ijlS _ «_lf«Jl 4^jJb-)) 

J\ Y • Jl jl 4 Jl*- <j-*^ (j&> • (*' >=H 

jf jja ( L : J oy>-l^» iJU- y J) oJ^hj jl l$J oL^ U p-JL^Jl <y /V* 

Jx- jj^y>yj . oJLA Ja^-">\J j^Jj t^U-iNl .y iluU ^Loi" j yJ 

tSj^Ul iUiJI {5 y-Sll ^>L*Jl <y lf> , J . , -3 1 ^ s^S oL*5 If^U- 

j^j ji y tdUj ^ . j^Jij p-siii 

OjJl J LjJj SI .bjbf J jJl jl^JI J5L-j ^Ju> Ijl^ *li>JJI 

*-j>- jj> cJa jfc jl JLl* 4_dJij3 iJ^L» cisJL* OljJo jf A^JUiJi 

t 4l^JJI Ju>j .Lji' jiK o-jj oljLLa V jj^ U Jl j_^S3l ij\y^ 
lil ^ LfpjjOj LaoJuo . jjSJl jOi «_^o ^jj? ^^—Lw l$JU-y J)^l>( Oalj 
^3 . (jjl y> Ojl^J 4-5L>- J cJl5 jJ «JLp OjSc^ U ^Lia-^ 

jj^-; - OIj- U i J-Aj . j _^JI jJi ,*» ^ S^p C l^Jjl y- 

jjljj 5JL^ J Olj-^jjJj-Jl j-jt^j JjJ?f oJL« c-it (oU^j-oJl (_$f) 
<S*-jl J •jj^* O^jJuy^U 4JUJI Sjl yJl ^-jJi . ^jl y- 

£^J>\ jl J-*J .AkiJl «J_A U-j— ^1 jj& jl jSUjj 

oUj^jj^Ij oUjyS^Nl oLb t ^ ^ ol^yJl ^Ul liLLi j^53l 

^J 1 ^ j^ J J f jj-^" jf *-JUJI OijJu^jjJI 5jly- jf 



i*J LgJ cJipI 3y» JS" jL^^Jl ^ L$jJl>4 ^1 Vj 4 o-l i*jbL-wJl 
L^Jjl y>~ **-prjs (LiL-«) *-*^> jl ( yJa. " .-w i j/**^ . oI^j yj*-^ tlr* <^>Jl oJla 

^j-JuJJI j( j-^i^J) S^i-^ c^J^' jJL -^ 1 ^ J^J 

a_>1^5 ^y~JJI jjuJI 31* cJl* li^i SjUJI oU^JUlj 

i_uJl iiUS" c-jLS' lil ^^SUJl l ^1pj • jW^" Cj* Jl - p ~^J >* ' JL -^ jr*-^ <3j^ 
jf) SjU l JI ^ t(L^bL^L<> ^y jf) olyjyjJl iJLP ^y 

Jjjj^ _ jjyjJ ^Ju" ^ jLkJl lift Ji*j . (Ol^jy^Jl ^ 

f^syjjJlj r ^W> ^ ^ J^L- tJjVl ^^JJI JSIijJI ,y 

AJj^jt oiiiJl Ak^*>la JlPJlpUj" ^jiii ji *Ja: ,, jj lA^S jl 



J^ij ja fj> ^ I Jj4 JjJj . La yil i fl„t„--<j > j.S" Jb^l cJjjo 

cr^ 1 JfljJdl J 1 l* J^) iJLjb jl 

J <.\JS «-»j>JI jl ai^f N ^^Jj tt >- Jur- jfy'UJi 
b Ulis . jJUJl fJu; i^*L^> ^L-j ^iJl ^^Ji jb^Jl ^l^jl 

<Jj£j jf j^^J! i ^ ^ ja J*** dj-£> jf p^-JI 

y^J ^"'^ Uajlj^" L> jiaj 'j^i ^ b*J t^b>«jJl ^j^j j_j£Jl AjIjJ 

> ^ S^jli A^Ui- Jt» ji>o <u[ t dLi iiLte t t^JJii 

jj^ -Ul*J J .. rtdl l IJc* L$lP ay^JI oLjI — >JI . ^Li!l ^Oj_«jJl 

jj-SCJl jf boLib < _yjl A^yjJl ^^U (.^^Jj^w^l fjL^JI ^Js- A^\j^f 

d^-JU*!*)) Ujij . (j^£Jl £~*y J^aj ^LuJI J^U^aj ^JUtla 

4_^>UJl ^_-w-yJl 4_JUjy ^y- 1 — 0 ^-jl y J-^ j^-ri j_j53l jf 

j-* J-^i jj-SsJl jl ((,^^>JI JJU^a)) LJji { J^>3 L^yrj jl5^> ^yjl 
ij_J>LJ\ 4ii^t>UJLi . LgjbU*ji ^ ^l ^l JoLj ^LJI yL* i 

tL_JjJ>- ^y^L^Jl iUU^a 

^^Ul l^U^j^UJIJjL^ Uib jt5 jj53l jl dUj ja Jjc«Jj 



. . JJt^j^ ajwU- ^ Charles Misner JjLJ. ^^xkJl 

L» o-^i J o jiCU of iiU of -X>-^ 

JLi US) oJla JJ^. JLp ^ J ^t^Jl ol 

is 

iJU ^ of Uwilj 4j[ jj .Jjk ji USUI &^*>Ul jjUi of J/l 

<y JLs olS o^53i ot ^>*i .J-^iJI 11a J ^yijycJi ^jbJl 

JjJ3\ ^~>o of t >SU, t iJUJl 0 1* Jij . JjVi SjjJbuJl ^Ijill 
. LJb LjjL- olS LL-.JI d\ ji pj^jjjJlj pX$JI ^ 

of >*UJI ,y . ^Ull jLUj J UL^ jJl Sy^Jl ^ I^S- 

^ ^-J^ <^j-^ ^LuJl JiL^j (j-JUi- ^L?j c5j-- ^ <><£jjA\ 

* F 



J_<k Li^ jf t ^LJi j Lg — i; 0j _£i ,ju ik^J J^Lj 

t O Jj|j Ljfj JjUJl lJUfc Ju> JU^f JfcL liS^j . Jjfc^JI S^-Vl 



pjfcf ^ t^ljJl £l*^jU UUJI jL^I jlS" mo 

jt ?U ^ jl of <_iU^I I J4J jOS liU ^ . ^_^*Ji j >)! oUli^l 

j;iJL>Jl j yo . ati jipL^j tJjLJI J ./tall y fcjfj L* >o 

^LaJI ijj J \jjL^, } r ^\ JLp j^Oi iiUSj £UJi)/l 4-ii>- Sjl^ 
J-ij .sjlaLUI ^ !jl>- tiltf J^- ow^JI l^uJ of jJL. jjl iiLaiJI 

o^X dUi juo Ij^Uj tijiilj ^fji ^UJI 

Vs^j-^ 1 ^ l >^ri Of p^LLj^L otf t /A* J\ V* ^ ^-jjJL^I Syjj 
0* Cr* ^L-Oj-^ 1 c Ja . » -Li y t Xj jtf ^jj-JI 

^ o^l pj^ii aJUJI of U jSJd) //Ao j\ \* Jl oL^Jl 



jLU *~>j-±> lj\ ^rji cJlS" LaJuP 4_~Jl oJl* oL)j y^Jl oJJL. oij 
^ JL_pI — ; iWUI *Jub J y]\ jjjl *JLi . (*1 *M * ) jiiS ^rji 

£\-*^y A3jj-*-Ji (j^iyJI Jlp bL^pl L^i; Sjl^-^Ji i>-jj ^ oUyjiJI 
vJl *UJ l>J .ili>JUl ^ ijjJJl oL~^Jl jJl_p 

^jl SJL>JI aJj! i>-ji ^JUl jJl ^j*-*^ ViL^ -^j^rj 
yi'ifl j-* US' Ij—iLoj jJUJl jl5> . ^yaK oL>-jj ^ ' j ^ 
i*5L>^> <>• lj^> J! J— of jtJ[ i-AUai-Lj jl£J t j^S3l ^ 

George i_ij_aLp grjj-sr (j^j- 5 oL*jjVl ^yai . JUy Li Yj icJjJl 
a^jJ^^^j-S Aj^iaJ jU^-A ^^jjj j^i' . f ilij ol-U-Lwij Gamow 
ftJL_Jl ^ i_i]Lj olIS" j ^SvJl jf I j ^ yil JlJj . ^S jUk^jI ^yU- 

5jl 4_j>-jj ^aij^J ^-jJl ^ <L** ii^- j- - . (Lj ^U-i^l Js»LijJLj 

oLj jJjjJI ^ SLaS ^»Lp Lp^^ j j_Su; jV (i-^l J^JI 



UL>. Ijla SjI^- L>-j* jlj <. o ^531 oU Jl- / ^ 

(^-SUIL ^-SUllj) oljjJj^ ^1 olJj J^; jl ^ . Ujb-j oUj^^JI 
oLJj^Jj-JIj cA)j^£J>l ^UUb- cJtf^l oL-jl^JI J^U L5JL- -j 

^ij^J (J. W. Follin Jr jl ^ ^Jjj ,j .^opL^j) ^Jlk Jby jU^j 

><Ua ^ M _a^c, Lu4 jU t^L^Jl ljuh jtf L*.j 
..-Jfcj-Jl ti^^l jL-n-i>l ^ ^ _ r L-p J X> 

ft 1 -*^ j^^^l £>j^ ^ fjsWb o^rjj-^ 1 S >J of mo 
. JL»JI j^£Jl ^* %e IfJb-S- jSUj ^UJpU iJjS" ^UU j^tj <^ULw 

^ Ijiip JJ ^Jlj^l ^j-XUJl pJajw 0 of J ^ 1U UUJb Uj 

s?* ^ ^ J' <jl M ' 0U_^ j ol}^- 

d^f ^ Jk^, jFc-^j .s^Lr sL^ 0JI5 o>JI ^IjpJI 
t J->o>- 1 j' .L - t ^*Jip jL>^l ^ iSJj-^^ oLjL^ <_£ ^ 

iL^'Ml ^ Y. B. Zcldovitch J^JjjL} . v ^Ju-j JLp <lJUi jL_Sj 



J J^J ^^-ij-i J R J - Taylcr^L; .jj^j * Jh^^ 
^L.^ ^ Jj*^ JS jlSj t oO>xiJI oli^l 

\j& toLs^^Aj yJI ol^j ")Lo \jL^e- jjJUI jl j_a UaJ ^-j^JJtj 

^L-^ S-jLpI Jl j^t^ J^h ^j^i {Jj n^l* JtvpV» o-^i- t|j>^ 
p^p-S^J ^L^J Jip ^j^iljjl ^L>«-i)/l LJuj-^J\ 'oj\ ^Jl 

0 aJj! ^ o-ji ^uol iOU J jVl p-^iy Is^l lj /Ju jj) . J-UJI 

JbUj . ( JL^JI LfKjL; ^Upf iLS J JJ ">tfU- JU^Vl jl^i jJu 

"V 0j-£3l fj^H *■ J*^ t^^iJ (j-"^- 1 ' J-^ C~*-il Ifif ^J^S3 
<Jj-*?j]\ /yi ill JUT l^lw 0V ^J&j ^JUl ^yU- A5j ju> ol..juJt 

jT' jj- ijj~*s~ 0^ s j-»j ir° oi^^ ^ Jl 

01 JJ J> ^ ^ f 

4_^lj^ Of ^iUi j») .^jj^a JSLi Ji^ y> 0^501 ii^ ^ ^Jifr^l j*-^)! 
/»Lp Jl Harold Urcy cJjj-j JUjjLaj Hans Sucss ^j-- jjL* J 
dor J •C/- Vo t/ Wj^ o^JJ-W 1 ^ JljJtJcJlS 4 >1on 



_U^J ^JJt J\jJ\ ^jJjJI J> Ol^ ^ ^-J ^jj^JI 

• ^ J 5 ^ J-*J f^t* JSLi ^ of i^rjj^ 

ilUJl i_/Li5 4_JiJl v-Ul ^ bC^ ^ t^UiS" J*LjJ Jij 

IJla ^l^r *lkpl 01 ?ii r ^U-i^U iJLiUiJl 

0LS" sjl^LUI 0 .La Of J ^.j>~}\ J^j Ot ^1 JljJl 

j-$^> ^ jjjJ 0l£ t > S 1 £ A* ^ . oL^j^l Ujj Jj t oL »^JI 

t ^ , Yo 4 \ , • • *-prjJ\ Jlj-bV ^iK ^ T • ^ J^f i^lS^J! Sjl^Jl 
^L^u^i Jlp i-l jl ^UJI II* ^ jjj o • 

^r>> T' y^j) J^ 1 ^ JLS 0L5 t^ljJl 

.(Up 

^-aJLS" L^l^ l^i ^1 S ^1 -bJL>J OLi t-U ^Uj 

jji i^* ^ of Lw^ij ol5 >srr JjV Jjt 



jSSjJj .0j^>! jl> J+^U^l <oU* OfcjJJ jf j^_>Jl 

j£Jj . jLxJI jj_Jj^Jl JLJy ljj>l* j^Sy (,J^> Bevatron OjyUo 
uiiJi 015 0j^^ 0] ■ \ Wt 

j^jy tiUi JJ Col jLo^j j-aJ^J v-JjA-A JL^f-f L»Lj J-f>V (jr* 1 ^ 

I j->\$ pjt, jU. ^aJTj o y.Lp Of jJ-^ Of : ^jl 

iiL^b (He 4 ) p Ju^J l ^ J-fl^f J^r*"^ cUJJ t jLJ jf 

Anthony ^^j-^jjJ ^j^b Enrico Fermi j^^i 

01 cU15 Ui* i y+~ i t UjL^I J> hy^\ a I> UJb^f \ty . (Turkevitch 

aJL?-j p ; l.gil ^L-jv Ij-U-L 0V i^Ajf* ^ OjjjiiJl 01^ liLJ 



ijsr-j ^j-^-SLJI jf E. E. Salpeter yJL. .1.1 

4__jJ«Ji p_j>*JI ^J_j>-|j L_*JfcjJL> ^f^*J C OLty*?- 4_JL_*J jf <U~*J>- 4_iljj9 

^j-J jSUj ( ( *^Jl ^f) Ijl^ i-i^l Ja^jJi IJLa .(Be 8 ) p-Lj-JI 

fL_P . (ojjj^Jl oi_A vIjjJl^ jl£*| ^^Ip J-pL-j jf j-*^ <-ft«.*gf 

^JjLij Burbridge ^j->jj-| C-i^jUj Geoffrey ^S^yr 

J-^>-ta *i» jf aJIj&JI j— ^LjjJI jl toj-^.st 4_JLi* ^ji J->j_aj 

^ aJy; ^jj^JI Iap ^ ^Vl ^>L*J! jf Jwi J\ ol^>JI JJ 

iSj-kJJ *s*~> <->^5 Ujj tj-r^ t>L J^y* J <y"-^ • c*^' 

Hans vl^jJU JL*pf oi* c ^ ^ i * fL*Jl . fj-^l <J SJiJjJuJI 

£jf J y^ 31 £^ £>f uO^T Jr^J Bethe 

oL-^*jjVt <J "-La o^f JJj tp^r* ••j-' ijij-^ C^JJ- 1 ^* 

.^bJl JS^J ^ ^ r ^jJ! jf dUJ 
Li jjJi jf p>JU ^f ^ ^j-wi^ ^jJ ^ U . Lfj i^U JSL^ 



iiUj j£ ^ ^Sj^) Vj^i o^j • l**yrj 

l j^-Vl j-^J f UJl tjl ^j>^^1 aJujo dLl^J Lgji Jja; S[ t iJUaJl oJla 

jL5 ^1 pJ Lfrll *—jLw^xj t)L>o Ijpj-ij ^ajjUJI fpvJl ^ ojJjJ 
tBig Bang ^Ji—P jL^I ^ Jji\ iU^Jl £_J^ jf j£~Jl ^y 

p^ju^ j ^_A.^kJi . y.n J^u; j^ji j ijj jlp jiu %a>o 

oLlyj-jiJl i-U- 4_- — I Ja^jJI IJlaj tJ'wJl lyU a^*-J 

- S -Vr ^."^ i L-fO'^ ^rj^ £° 

toL^ ^y^- ^-SUJl IJLa ajuLu ^ iJ^Jl a^'Ij (Stcadystutc) ( ^ J 1 J Jii^Vl 

L> (i^stoJl (i^^ 1 y^^l L^JJJ) p-Af 5 ^ ^(p-^ 1 

01 .^bJI ^ ^ U J5 ^lil ^ <i^J — <JI ^ p>Jl Ut .jjSJl yx 

L^IJUa^ (, I -f ^ ^L*Jl X* OJL^i Vj-^JI lSJ>" ^A 



Mi 



ji j->y^ yr j >Lu Ji ^y^\j* l^>-j iJL-j Ji . i! r Sji^- 

uiJLfll jL£.l J ij^ JlJ t jU^-j* ^ o^lp /I i mV 

oLaj-^j jJi}~\ jf "VI) .o-L_^> J Jlj_i *y jL5 t ^jJj^w.j_S3l ^JU>L 
J /^ai^ ^ ^UJijU 4J/ olS^i L-jj Ji U^f Jl 

l-^5CJI Jj iijj-^tJl oUwVl J jiSoj-a j^- owU J jl^jJl 
ajj^>^» <Jj\ y>- ^ L*-^3 toLjL*-Jd (ykjl 

^ — ^ j^ijjijj -iS ^ H"U J! $\aa . ^f\L^ 

jLio ^ (sky temperature) a*U^Jl ^=rj-5» SjL^ ^Ia^i-^ 

J_; tf^i jl^r J E. A. Ohm -jf J . I ^sS M jl5 

jj> <;|j> i _ r 5UJ\ y. /»jf -lUai^I (^JJI Jl ^Jl jl yt. 4 La ^JiU^tJi j) . ^iK 
tkiJI IjUj .(i.jj^l <^iUJl ^JLL5*y o^^Jj 4> jL»i^) ^JUI UJi Y • Jl 

JlJ Oj—Ljj (j^Li^i .^L^l oUJ^I J {OLpVI JUil jLS" 



jbJl Jl>-L OjSJI U hj* d\ ^ /ill ^ 015" iilJUT 

.(mo JJ ^>UJI I^SIS _ L5 _ t^JLJi Jyfj) 

±>Jj-J.j i 0^1 ^ Up LLp- SJUu jJlJ jj^JJ JjVl jilijJI 
jJaJ OV t^Aji J Ufy^ J SSj]j <.&/l* C..J ail^Jlj Sjl^l 

jf Lib LjJLp 

J. fr?J jf Aj ^kJ UJLA 0 Of ^/ ^Lil ^ylAJ 01 t 4_L>Lj J£jj 

VI . JjVl iflUJI jslijJI u jy cJ\ *LjJJI ^Jly l^akl Oij 

j./Clall ^ '»! Of Lfit ^ OLS" j^Jl Sj-j^Vl 5jJa-?JLj lj-^j-A> ^fif 

r o-jjJi & c u ^ l ^ :S ' , °>^f ti^ 1 c 1 ^ 1 

L«L.'ftl Ck-x$ 4ji jl. <0 01S" 0j£Jl 0f» 0^5^ of ^J^p L^pjf *jf y& ^jiK 

Lf>f JLiipf ^ V i^L^aJI k*?jJA\ o-U ^c- <^JL>Jl cJj ^ JLoJ 
jj^aiw jf ^y^JaJl SI . iiaPj-^j 5 ^ j^JUJI ^ijUJl ^j^ai ^f 



— 

Oji oi^iaJjl «JLa Ub- jf LJLp J_^~j Ajt Jlfcpf ( J^}j .U^liatj 

of W J^JI ^ otf 4jt ji>^ of dj^j i w oJtf ^ JUJ^ ^ ot 



* 0* Jll 



J^uiJl J UU^ JjVl d^Wl JJlJjJl oLyy SjUclJ jl 

cJLS" Uju^ ^ik; JjVl 4_;j~Jl Uuur U SI tilJLlI IjlJ ^UJI 
LfcJu>-j ^yb oJLa ol » j ...-»JI j?L*jf cJLS" jJj . LfJbUa^j oljJo^^-Jlj 
* > * ^ Jj^ 1 ^ ( £^ Ji* 'Os^V ^ SliSj o-jJJ 

oU....>Jl oJL_ft j\-*j> jf k-jj Jt Oay oUllSj ol?-jJ O^UoJ 

oL^ — >Jl oJl* jlj t l^j'j-^ Oj\y £iL>- Jj ilJLpL U^>- cJl5 

in 



^ ^1 Jj> JJUJI IJl* lJJU- l> 5^ U oU.^.M of dU M 

tS^if *l Jij-iJI Oj Jj M .\J^r iiU^ ^ io^p-j 
y^l oL~->Jl *Ljji ^ JLu Iji^p jeJUl ,>i>JI JL^ t j/i L. 

*L& iiJJlj ^ ^ L^Lp L*l«J! jL&Vl 

i-ylj^ Lg^oL ^j^J fc^_J*uxJl ^ Lgi^>w» ^ ( Ja>c}\ J_^j>c1^j 

oi^LJii u^-s jJi dUb- ^ jLU v • i^jj 

JiiUj ^Jl ^ tolj-ot^l o-Lft ol .aJj^I oL~~>Jl «4j»_^I italxJl 

iijJU jJ> . ijjjJl <£^JI J>-b oUjy^Jlj oUyj^Jl i»LJjl 
<— ij* **1 M t'-^ j. r* \*\>±* 0^ tiJUijl j v-J? ^fr&t i^^iUS Vj?" ^"W^ 

J^uL« ibtxJl ^IjJBl eJ^J jj-J of of j^Uj A " V) jUSL-JI 

L>JJj«i . I JL>- 4jj_S t l^wi I g-L Jjb Lai" C->l j^L-Jl aJL* aJLi Ol . to 

JjLuJl j^jBI ^_w2j t ^ UjhJu-f Li IS" Ly o^j^ 
^jlJI ijJ i jJj> \ * * y ^-aj L»j L$j-sf L^vo oJ->tj (jS-Ul ^ j— d3i 
ikiU«Jl jiJi iJ^UJl oljjLJl JLpLj U IJlaj . U^o ^L 

oL^jjJ! ^ iJ^LxJ! ^jJl ^ ^1 ijJJ! ^yJl i»Ljl 

Ijt yii^il <_Ju?f ol jJI ^r*^ J^' 3 '^KJjr'j '^JXH' 

Sjj-^l ^LkJI ^li L^aJl ^ jUi^l «U»j ti^aJl il^UJl ol^LJL 

.^j^l IJl* oUM ^ 



L^Ljj tijill JjLjiJl ^L-Jl iwilji J-*>«J ^yb eJutJi eJLto o\ 

oUjJjaJI i^SL^Jl oUjL^JI ^ys (_y^>" JS ji «^JUi . oU-aI « 

jjLtx.j oU-jojVI i>L$J <y l$*-J>j JlJ jl5 oik la -kJl oi^i Uaj iLkJi 
i-^LJl .^jjS Lwl> ^ jLS" Ujulp Richard Fcynman jL^Li 

J^-b (JuJL^r) Jasi JS* jl . (Uakj^> lfj> J-5 J^L* jJl oL-»UJl 

oLj <wJ> jiJ (jjL-j J^aL>t*j JaJaitoJl IJi_A a ^jlijj U Wlr^a 

'L-j^t^ d t o«L_ft) «4_ijjJl O-jLJ)) ^o^j A^«JaJl ^ «Cw-L_»>jf 

^yiSvj Jlj>- ^J] 0 j oJJbc<JI t-jlUU -^11 Op IJL_fc jJ^J 

AiuJ LJL*>^ U lJUbj) .(\ » JSLiJl a^I^ oUaL^Jl 
OjUJI .(SjjJL^ 4JJL. OjJJl ujUi»\ll j^Jl L^plku-L jt 

^jJl iJjVl oL^I cLjJ f jL23 ^Ul JSIp ^ jJl 
01 il to^UI ^UJl oljJCJI Lfci J^Jb" ol JJj? Jl J5 ^ 



(a ) 





(el 




von 



D 



( f 



■ ".>tUU-L. * <uJUx»Jl oL»5\Jl oJLa JJU ^j^?x* tjjjy* J-^**j 

J — J^LjtJJ i^jto ^ i olj^J ^j^wjl 1 j-Jfc i»k>w» J_£ ieJbl » . iJuj3**JI 

olUai^Jlj . J — 5~-L^» i-w«L*! w>l — » J>\ iS^yi t jJy JjU Jcu»j 

, irv V ' , " * 
L^L^I — . J — ij L^UJ-I U>/ti (a) J J^>o' ^J! will; JS" (c) t (d) (.(c) 4 (b) 



ijjL-iJl oI^JLJl! ^j^s^h j$\ lLUj (^.yciL;) ^ oUjjjLgJi 
o>ij L^p N (jjijJIj jh»J1j Oj>53)/l ^1) oLyOJl 

dJJJl^ Jjj— 4j <.ly> V * * • * »->jIai Uj ijJJl SiyJI jlJOl Jyb ^Jlo 

^* (L« j>«J oiJ>Jl oljJLJl iujj jA\ i-jjL*^! ^ j_aJl j( 
OK LJj cVfjJja! X? ^Jjk ,L^5 iilj^ oJK U *i,jjr 

o U ...,... > !l oli liSO&j . ( jiK jLU * ^ t ^ jjjj^Jlj-ftjcoUjj^LgJl 
1 LjJUJ ^1 i jjuil iLU 5^ jIjl_pL s^il^i* oJLS* ^1 SJl>-jJ1 
^J-aV .7«Jl oi ^LJli coI_J£>aJIj oUyJUl ^ jj-^UJl J^aaJI 

. U y^>- L^l»L>tj 

t ^j>- t oi_A ^ipl ejly- oU- jJ> ^ J-o-*-> 0> ^ia: — I < — O-jS" y 

O^iii^ obU-i iiL* ?Ijl>- jiJlpIj ojii^ia L^JbUiwj oUjj^LgJl 0^? 

jl t K Oj^rr^'j ^ Oj J - ^ L-^ JI-LJU-L-; Cj_aX~~«JI jl l o j yj—^L? 0yJj~JI 



4_^il >Jl A^ljP^jjjlJl 4p-jJJI 

jLSj t — , jKij' ^Jl (jj jjj_Jl5) L5I4J s ^Jl oU^Jl 
<wj^j_Jl IJla Jij . *j-iiJi j iji Sly (jl cj*^! V 
i**l>- Geoffrey Chew ^Ji <^^-Jl <d'-^j oU~~*>JI Jol^j Js> 

C^LioJl LjJJ £p*a-> (, ^wiuJl <^P « uiyj 4 jr*-J 

Ji V iUfi^s; ja J^JJ g^A ^jVl J* liU Jlj L. Ji ,hrj^ 

4C-»Ujjjl§Jl Js»LJI JjO^ve ^ iJLP JL>-j Iji 4 cHJS ^1 ^Jl^>\ 

J^j tpJ>*>Jllj-A ^ olj-^txjl 0L*~~>JJ ^-.tjcll ^j_>Ji ^P^-^i 

V 4<JL>JI oJUb . 4_al>vJ| i?L*jl JJ* e^Lij ^1 < ,..»J 

eJJu>xj U ciiQail iiliS' l^-i ^oj j l£>j~. JL Sjl ^,>JI ^y 

.iJiJl p-Lft <u jb^t L. ini iJuj .<^>bjj^ olijj^l fly! jOp jl5 bl 



^rj^ o^" of ^ ^ ^jj^M 1 l/ ^j-^" X\LJ\ of ^ (\) 



OjSs Ua_p s^LJi IgJd^ i-Jip| hrji ^ 3 oL£,l J_; ^ 

^ ^ <_£j>Jl si^JJ ^jjjVi j^^-Jl .y Hagcdron 

ja Kcrson Huang Ojk-^ ^ ^i,^ SjjUJl 

V ^ ^ . (iP Y V XT) ^^US jLU Y * • » y SI 

ti-jyJI yii>iJl ^ij>Ji ei^ Jio ^ j*. t ^bb u^SL^ t JI^-Vl 

. iJlili ^ ty fc <y ^ 

ifLJl JjilJ o*}U> ^ybj Cj-^iJl iJU* ^ ^jXo dlbfe 

IfK c— -J oL^^nJI o! <_$y j_lJ| 6 Ju . «4jj^Ji y?l yj^jjJl)) i^jjio 



^ 0 0 



: George Zwcig ^jj Jl Jj-^;) j <■ Murray Gcil - Mann 

Jijj J<Jj .JjjSfl .^Vl SiU j>-S>Vl Ojh>JI ■■» 

jUpf t ol5"jlj_S3l hJaJ ~aj\ 3j Jul ^jjl ^JwiJl A i-r kJI *L>>aJI 

cI-a oV t(4iip Strate 5_J5 .y> Stratons HoUpl ^» ^1 L^Jtp 

.(^Jl jj^jJlj dyjj\ til) 
lA*^ {y>^ 1 (*^" J"^ ^KJI-l^PjjJJ ^ 

Sji^ o-jj cLUij iLgj^SJ j}\ cj\Sj\j^\ J\ oUj^gi J^i; J\ 
\ iX^kJLj fj\ i ja£ JlJj> lj^I U4j ^ oyb 

oJl ^Lj ojly ^"j- 1 ^-i^ <Syj ^Lij oljJJl IgJ dl5vi^ 



cJL5 ju N aJ! <_jL~>JI ^ikj jb'jupj . :>j—Vl ^~^JI ^U-iN 

Jj-^JH ^-ib £j_A> i^j^ jt-S A_J^J i>*J-! SI t^>J 

kilil yj David Gross y^ JLibj j^) Hugh Daved Politzer 

^y :aJI (J? U t ^SVT fL* ,y t (Oj ■ ■ ly ^y) Frank Wilczck dX-JizLj 

(oJlA oLj^kJl 4_^i j|) , I jJS 4_jjLiG ^y>- ">Ui L^jJLi ^ysSl^j (1)1 y» 
(jl) t^jLSj lJuly iiliaJl JuljXJ LaJlP j\ AiL-^Jl L yaiL^ la-LLP «ol i J**Z ^yfcj 

4_,yJl Loj jJ t JS^JI I i^j> . iuU^ 

^iiJj ^y. . I jJ^j ItyZ* ^>\^> ^ |JL^ U ;: UV olS"jl_^JI ^LkJ jJajj 
aJ">U ^ i_ajLj L*-f^a "l)^ jLSj *>L»«i jLij-^io jjj-Jj-Jlj O^jj-JI 'S\ 

. non - abclian giiugc ihcory ( \ ) 

Nov 



9 fi 

. o U ; . -> Jl oIp^^o LjjJ lJU- s^aUJI olillaJl Jpl J ^js- <.<J 

Sjl^JI o-jj UijjJ, J iJjl oL5jl^ Jl <lL£ij- oUjjj>l$Jl of ?w» 
LJU- jl Jj-Lp Luplk^-b jL£ ; j^S3l 5,Ijl J ^Jl ^^Jl 

JCU)I jJi j_Jj .S^l ttULT Ju- LJU \J\ cJLt ^1 SyJl olSjI^SJl ^iuu 
j j-SJ jl >Jl oL5 t S^JI olSjl ^SOl 

^ t^*jJl y J* Jj^i>Jl j&j .^jbJJl 5jX5 LJU U:Op SjX 
. oLSjI^SJl ^y. ^»l^p J^-^J ^ Jk> t jLJl t y, 4^1 <oyj ili 

jV^I j-A i-U^j *Jj>-"^ cOLSjl^i' ±y^j ^J_p «^Ja_: ^Jjl J^jJJl jl 

Utj dLtUjjj ^_p r^p'l Jij . i. jiiJl *t>^iJl J LIU o-j ^ 

bj Ajl ^Aj (.((A-jjUJI 4_i^Jl» wU Jp ,,, j; t ^,5."., „,« 

J UL~J\ ^jjujy; U&;\±a J^j. ji-^lw L_cp jbljs jl cLUiS" s^iJl 
oLSjI^I ^ ^jlj-5 J^f J^*J ioj^Jl AiUoJI JbJ^jj tt pU ojjjU 
^£JI ^ j^ ^ j| J| t jj^ 

5j_A; sU^-LJi bU t J_>Jl J^ J^p J jLxj UJLP OJ^u £^1 

L -^ 1 J-^ 0^ J— 4 J-r^ 1 JJ-U^ a^S 

jV JKJI O^JI Jl JljUn j^! i|ju ^ oLS-jl^Jli .<^>0U> 

ji^j .S^ olw- JUL dULj jfj ^JjUuJI ^jtJl JJUj ^U; 
Xp V x N ol^ cJ^JI ^Ui J s 3jV ^Jl oL^jl^SJl 

W ^> J* ( * ) 



\0A 



L-il — X^>6 jl jl 4 SiL^iij oLSjij-S" ^JL_ is ol t fl-ilj-ljly jj_£Jl 
^1 4 (^L^ jJJ j^kJl J y> aJ .jJJC IS _ 015 dj&\ jl 

is^i j_a-^3 jl) YW Jji U ^1 4_Tjl y>- «L>-j;> Ja^j l»J^P tLJI -U^*l> 

. 4AywaJl ibLuJl ol^J&l p-U «-L;^i ^ AijycJl 
dL&6 oLU^ 4 _ r <a^ ^ 4_Jjj — » (<4**«dJl aJjLuJI) Olj-jjtJl ajjh 



4l>LuJ! ol^tiJl > i.^ ^Vt fU- io^k^Jl J-*^ ^^>J 

a^-jU^Jl ^iaj ^ olJaJl oJ-*) dlta JP i^L^I ip-jjl <_ilc>*J V 

L$la 4_i-«^aji ; 4_* : JaJl ^ jj\ 1 U jj ,n:\ L^-L-l ^J_j^:.. ; jl 

4_^pL>- /j» o-lft ^iaJi (_^*-^J • ^r^^t ^.JJ Hy^3 ^r-^ s> _rfr^'-? 

Lfip (jJJl ^^LJI Jup jlS" o^bcJI y 

Benjamin Lcc J j^l^j Gerhard Hooft <-Jj_* i jl^j-^ y> lj^> J fi 

oljjj*— Jl ^ ~v.->- 4_ . ^- ' -'-o J^ tijysiUaJi Lg^jLg-i ^ J-*- 

j-Jco y > a>L. : .J J-gJw ^y. A.D. Lindc J_J . j.I j Kirznits 

J J ^ J| ^ 'Oj-k Ji j> ^ JL^).^I 

J-»f Ji . (J ^ V ) JK i^p jUU ^u/k^ Sjl ^ 

ol^-JLJI jl :UL^ <3 j-*; US' jj_£Jl jlS c^j^Jl a_^jOJI oJl-» ^ 

o-^A (Jy jr^J toJ-JJI AjLoc^jj (JJUJI lj~*ai CJlS" ^iyi-vaJI aJ^UuJI 

* r*~* j-fi^ ir'J 4J^UuJl olj-JlJl ^ 4_a-^*JI sji^-jJI cJl>J 



s: 

UUj" iOjlJI i^-Jl ^ <4., « ., ^ lj A___i> ^jiJl -u>-y ^ »Ji>oJl 

.(^^Jl) 



jJtdl blSji U?Ujl aSxp o-bl iijwaJl ibLuJl ol^ExJi of J**j 
US t (Ail — Jl Lm5^p i^Li* ' 0 ji}\) 5il — Jl ^^^Js^Jl JjLlJI 

.^>Vl JJU I^-lS cJtf 

J Jl ^— ^ ^ "if pL-Ji JUj^I j! 

jpLdJ i^ik^o vj ^J»'ljjJI IJ_a j-~£^j t*UJ) -U^jo L«jlp . ^L&l 
*Ul oLl jj- L^s Ju>J sjjL JGjcc- JuUJl J^-^j ii : L5>>- *LoaJI 

(i jUL^Jh ^pL- j_tLJl 

<L>-j3 jLJ^ 0^-^-" r j_0 U» Jl Sji ^>Jl oia-J* L«JCP t jjj£Jl 

JUS ^ Lili jlS" (jJJl >l_Jl J, t jL£Jl ^JUJI Ju^_ jj 

. j4^Jl 4jL*-vaJl aJjLiJI OI^JLJI J^j t j~>Jl 

^ AJL*J j-^l J-^~-i 1 °J J^. J-^-i *^ ' jcr^ <Ji 

Ja_< 4- — bj-Q^jlj ^uJwaJl <JiLw<JI ol^JLiM JsLJ^ L^i ^-^S^l sJL^ 

r Sji^ Jij J| iia-^JJi oJL* ^ lju LJ^ii jL-iJ 

oL-Jlxil ^1 J ^liJ jl j_a aJLa* jf LJl^ jL5 U J5j c^JK jLU j_^Ju 
?iJL2Jl iiiLuJ! ol^JUJI t *Li>i)l J ojycJI ^UJi ^JtiS! y> 



Leonard Parker ^SjLj ^j^jj jL*l . JyaJI el* <_a*^ ,jp 

Jp i j^£JI *JL, (liL5 Ti "> ') v 1 -^ ur- jW^ 1 jW^ 0> J 41 / 
. fl>Jl oL^Jl ^Jjjf ^1 ^ 

jj> iji^i ^ Ji>- V o;i5 aiaJi jS^j 

JJb- jl il .L^p doJL^JI ^Jl o_j_aJI ibUuJl ol^jlJl 5-ui ^jLJ 
^ ^ULi ^1 ^Lp^ ^r^JI JjH^ jj^ t(^) -^U^ 1 

«. ^LL-j^l ;j_;JLi 5 jl oUjj . JtiiJl W-^ u«* uf^i ^*- fl 
^ jj-£ ol Oj\jJ iJl>- ^ ^jhtj^ oL^Jl olLJ 

J>LJ^I S-UJ i-^Ux* il-*^" J^LJ jJI iiUiil ^ V^^' 

. ( rT ^ * ) jJl5 a>-j> jLLJi jLLJl jLU ^ ^ Uj 

il ,v-o> ^ o.x>o jl ^ lj\j>- i^ji ^ 

jl Jj t oU^I ja bJ-tf- jJjJj cU^Jui j^" ^JUiil jl ^ 

J) Ji^l ^JL-^ j_y^' oi-U-^J . J^J^» JS" Jj'Xp AiiT ii j*^-^! 5^ 



ij\Lip j^£> j^^r J_5 jl i jjUJl ^ <^ Jj^ ji . 

J_S (il ° r M * ) «-U Sjl y>Jl A^jj jl I^Jii? jJuj jf dJmiJ jl ^,kt,„; 

IJ_a jl ^ ^^U L — ! /^Jj (. 4jC ir ~ V U-> ajIaJI .Uj cJl 

^ jJl jLj. jl5 L>t aJI liS^j . JjJjlo J\ a} jjJjd\ 

jLi L_$J jy>o ^jJ <*— — !l >j ^ L> 1 jla <, ^1 U_g-*j 
t j^Jl jl j-* jA\ J ^fJij . ^Vl J LJU- vUUuiJl l^rj y 

s~ Oj'y ^ «y J 1 * ^ jr" J/^ V^l Jl> 

1 ^ .Ij^f jlj 

U»-Up i>l tj/l — SI <>xjjU J^Uo M ^yL^-^/l ^JjLJl^LJl ^lji> 

Jj ■ JjM ^1 -UP ^1 OS jl5 ^jly^ dj\y ^ ii^ 

4_dap-*)\_4 ( v r 5la Ti Lw» jl ->*-Sy j( " -■ tbijL»w) i>l ^1 aJUJI 

V jl ,diJi ^ j^Jj) oJu^J J.UI jj_SJl ^jLo Jio l jVl 

^ -i ^UJl o iiL^ jl5 jj_SJl jl ^-i>o jLcj LJU ^ 

_ol_JjJj_i 4.^'JI Ijlp L<wi iJiA . ^jVl J-^ I j 

il (,A_iiU ^-j^ fri-^f- ^»Ul LjJI^ tL> - (W^'^ ^J^" ^^^-^ 

c~«-^»j j*j tUiJi_>i jj^j_>Jl oLjJL>«JI j>^\j oL>»HaJI ^sflji Oj-^-l 

oL^L- jUJI Jp JiJu" cJit SjXi ,y U ^.5 L$15 oJla 



^^U^ of _r§^L5" • ^ j 4La jl JL> 

^tJl liii ^Vl Ji^tJi Jl*z L>5 ULJ t ^f JS^ Jj> 
jLc; <-~i"L ^5 Sji djSLJ\ ^J> j ^ jUj ^£JI t ^Aiui . J> jZLo, juj 

jJ^JNI j.Jjb LuJ^jf IS] cL^ J*a* jd\ ^l~JL I^jjlS 

j\\ IjJdl J* J ^1 jla iijlj^l -B> 

jJl 43 1 — Jl jJC L aJI J^xJ jV Li IS" Lj ...U j^l" ^ U 

i.t.j-Jsl\ ^J^J ol* jl tjj-ijl ^ -jf* <Laij' 

ijL LL-.I iSI J-UJLj .Sjjj-^JL L^j ^JJ J tfiJ ^aJl IgjV 

Aj-niJi JS" ^v-j^Jj ptAJI j^jW \X» oi 4 j5Ui ^Lj J^o 

J_i^ ^ L>jL LJj_^ L>-^ ji^ La L~Jj .^jH\ J\ Lr ^JJl ^ 

. SjUi J-A^ j 1 ^*' iS 1 <• A_>-j^ — oj j^J Jj c ^- Jr>Ljuij ^L ^5 

^LLk» ^ iJUiJl ^Ij^Vl y'L t L^U^SO^ ^U^Vl aJU- ^ L5 Laj 

jp Ij^b cA jLpN'i ^ ^L^l JU; ^Ltj-I i^j^ 

c jj-SJl 5-i joj J 1 ^ 1 ^_ L ^- i ^ 1 ^ LJU jlS ^JJI ^1^1 jjljjJl 

^1^*- ojlj->Jl <^jd L-UP -Lj-L>*JLj - S*~* s^-ij ^fl ^^g^^ 

^a^LJ! j^U JawiJL IJLJbj . j^SJi jJo ^ Ja^ ^Jj; ^-Ljo 

^■IjjVl ^U: jl lJ-fr Li IJ^4> 4 j^JI y» j^p L 6jl *! ^ .^^j 



JiL*j ^jl ^ JU; j-U-iL ^J^* 0^S3l j! jo V t lJu J^j 

olj-^j jJj-Jl a-jj-jJ JSI L^SHj t LJL^ j ^5ol L. 5^l^» 4_^ji 

>-* ■ y 3 ^ ^ Cr* ^.JJ -oUyjiJlj 

^> \Jj j)\ t0> i3i gjU JjVi 0UWJ1 ^ U;b fci'tfi ju>^ 
jiJL^ of J-r^^ J ^ t^JL-bU ^jxJj . osUl ^yaJi ^Lj^iU 
. ^ ^ JU: ^U-il *-aJL>- iap-^ jl J 55 jL 

Ji iSjH^\ Ji-^^ iOj^Jl 7«ijL" ^yii-J 

o_u J_i liU jl5 j l JjH ^ t'UJ^v 1 -^ ^ Lfc* iili>Jl cj^LS" 

c^oV ^ ^ '^J^\ J Ui iiLft j^J N of u Ux>~Jl 
i-JLSCo^/l c.a_ftj i'ozjJou L^Jj t ljt>- 4_*ijyi a_^J 5ili53l cJJu UjUjp 

OJ^j Ji iWJi .Jla jl y> jJu LJ Ul ^ ^1 Ju> 

«Utj cilJLj iibk j_*& jl lJ5VI Uiau t^S^Jl ^ jl ^1 ,->ui 

O^jJ Jlia-Jl y^Jl UJIpI lilj . LfU ^ j^U j& 

jl ^SUj Jl SjI ^»JI 

oi ji 1 jl_^ ^iJJj jV V 1 j^i c iyi. i^jj Yvr , n - ^jJi jjj y» 

r a_p j* JSf Sjljj- iiU jj_S^ jl V i[ _ If! ^ N Jiia-Jl 
jiL-* ^^a-^ » Jt* ^Ljl^j jf LJLc j ji t .^LJj J>s.j m i J \y > J\\ 
J LiU; Uj__* LfLi ^U>o jl J-»^ ^Ul J Ak^J ^1 _ ^ 

. jb L i b lluj^ 



ofLul*; oai t dLlj .5_bUJl olj-jLlI J*Ljf oU,,, ,>JI J»Ljf 
oL-^l ^ik^. J] J jL^J ofj gjjdl IJl^ Ajj L. Jl jt-U 

^ Ut» Lf^P j«-=J' 0^ cA> ^Ul y>l>JI ^pJI Jk* 

1 toLwyiLjJL p_Jl JissJ ^jjl fr^^jJl l-Uj . s^LuJI Ji>- 

iiU* JuUI ^SO pJ |jb4 j&j *JU*Vl iL^I 5_UL^ ^ cJlZS 4_JL>J 



s ftJ jji diL- ^ ^jjj ^ Li u f n ^j^ 1 <i>l 

UjlJL^I ^iw, l^L. v ^- l> ObjJJl 

iJ-^JI ijl^JI ^ JlpI i^£Jl oJL5 lil 4ur CJI JIpj 

- nv_ 



t ALw«i 

1,1) ^ t JJVl > JU£NI ^ JjVl *LJl J 

{Jj£m* I jj 

j~L^ J_9 d j^j l Jj»i (.SJL-jiJi ^ijr^T^' *J— ^ • <-5j j^' J-*^ l£' 

JLJL { _ 5 SCJLi3t jj^-^j JjJw jLS" Uxp ^1 toji! a^l—jJ j^£Jl Iju iibJ 



f-A> jt *J ^Olj-Jj^JyJij oUjJjil) AJ^SvJi A^ALitJl ojt^p- A>-j.i -^T^-" 

JuJdl ^yU-^- ^y* LJU ^Jj^JI a_sI^S3I o^LS" lili . jj_£)l jJi £° L _ r -5Cp 

oJlj^ iJu ^^a^ jj_£Jl jl Jp Jj_? LoUL^ jLi t 4^-j->Jl 

4_ aUJI ^"J j ^-:*-^ J j^ -rV b(-LJLal JS\ t ^ la 

4 ^yii5 o-jj ^ , o ^'1 ii3 T aJUJI L^J t-a^aJ ajjj^I ^1 

^yaiLl^ L^>-UP ^fSOj , 1 ^■■■^ IJLp- J-i-J^J ^y^- iJj_£Jl A^aUJI 

JLC- ^1 A>-jJ TV jl tjii5 A^-jJ V ' ' ) J^l J OjU- oJla £ &LmJ 

fc »^JLJi l J^i^- a * J^^" ■^ J * J J • W^^*" J*-$-^ ^Lo-^ La jJi 



MA 



jl (iijj LJ J_U lil) Iwjj JU*~^j tsjJi ^ * /S L^l j^£Jl J S j.... 
UljJ oljiJi oUj^l J aJcs^j .1^1 5_J^5CJl LfJlji Jl ^KUL, 

0 ^£Jl 3jlj-^>- J-vaX~- ^ yM 4_Lw- V * ' * * * -Uj j . ^-aJLU 6 y- ^tpoJ 

v-LJLSnaxJU <£j^\ iJLi** JJ-Lpj oljULo o^Ip J I 5jl yJi o-ji 

t L^jl^-i ^Jj>- 4_Jji>^JI <Uii43l sJuh ^9 ^y^a^J jl La?- ^ia^ — > J* y 
£>}C -L^y ^1 J*J ?J-LjL^ N oltfj 5jly ^Tji Jl cil 

i| tdJUi ^ JLSliJI LhJs Lu^j; N ?^>> jULo Sjl yJl £jL JJUb 
UjL^ L-Ju^ JjLJI 0 UaiJl J UUwL* ^1 iJp^Jlj jl 

jL^LJl jLJuJl jUU \ JsH\ ojl^Jl cJ^rj* J— p 

Ji* oKj jl t ^SUj 5 ^bl -ujj LJU- *V t (J Tr ^ • ) 
^LuJl JJL^ >U3 j^ji jS^ J bl <uf dJJi Jlp .ojjtJl oJLa 
-LJ-Lp J^i: jl LgJ5 b^ai jU ^(^UJI J./?all ajL^ ^1) LjU>^j 

4^j>- ^_Jj_w- I J^L^oiJ ( y> ycJ I LjJlp j_j5o j I J_J ^j^-j t Lg^w>-*>L-i3 



(Jb-L^ ^UjLij ^f) SJLjJL^- o^S" IJIjjJIjj j*£p*j ^iU&Vl ja j>-~\ jj\o IJU 

. (jJ-bVi -bj l -^Lp i£j>$ UjJb 

^A*\o ^Lc- Sjj_*il<Jl p-giiL_a» ^ Oj+fi>jjJb Oj^SAjjj Jjjj ./Wj ^-^-P 
Ji til t^ja oljLXi 1 * Jl JrtM ^> cp-ja ^ Ui 

.J^t^l 0^ ilJb iibh dj£> 

tjjjl iJL-o hJj\ jkijy\ ^>j^Jl <j~£p <.<>\ U~~< V i^jkfl 

4_i^MxJl ^ (Bulk Viscosity s-^pJl ji U^IjJI irjJDl 



J$ ^Laj 01 jj_^JJ til <-a£& 1 g'^J ^ iLJU- A^.jJl 

4_s^U- <J*>Ip ■ij-^r^f b-*-^ ^ — '»y\ ^ Aw^—j ^IS^j SI . ^jtJa^j 

d_Jbx* ^»jIj_j»J a^**-^ -5 — ^ j*-* C-*~J toLj>JI tjfj tO_»53l <0rJJ f> 6*:' 
J\ J^) U JSJL, ^ t J, . JjVl MfeJl JS150JI Jl ^Ul J 
_Up IJUI1 g ; ■(■iyr^l ^> ^ i-tJuJl Jlu US' UJL* (^UipVI 

\ » • ' • £-LflJjl £y«J-j (3j_j oyU* tj^ia — il oJU> ijUS' 

gjtt tiibbj Lj«> fj-^- .'^.j- 4 

J* • Oj-S" ^ ^-J 45 11* of 

r-s> 0 jLSsj aJIjuj! o_j ji? jj^> 0 ^_£Jl I Jl* 0' 01 *ilJi 

Of ^ ^ Up jUJ lil 

pJ tOlpj— 'U^lvS' ^A-jt^cJJ 4^5Ui jA?lj~a cLUJLS Oj^J p-gj| J— » I'Laj—Jl 

^Jl oLJa_j»^JI oj__* J j-\Xo ^ o jj^>yj ^^.Tl'Ca >^q.L->- oLpL- 0j— JL>»j 

OUJ^L 
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.NGC224 j^3l JuJbJ! fUJl yt£Jl t M3l >^JL yb5 
LJj ,yy> SjJJ ^i^Jl >JUI .T o^l dj jU. .(^ A " V) 

J^la_^- ol^>»Jl : (Decalage vers le bleu ) J ^jVl i_il^j>*Jl - 3 

• J>\ J* j^— ^« iLol Juj-i J jAA* Lilj ^Aj . <L_ji*)l 

i^-j-Jl J>J JLiljdl SjLp ^ ol lJUb Jl jLL* .%kJl 

Ijl^L^L-- iilUI SJi^ij (Electron- Volt) cJy - Jj^l - 6 



d^UlS^JI ^ i^L-Vl ^otUI ^J^l ^ :(Entropie) l^j^-l 

^liJl IJ^JI ^^jj . j jl^J L; Ifci &&>*i hjjrr* J* 

tiJUiJI JJi*. ^ :(On<tesde gravitation) iftaJl ^1-10 

j^i tig— J; tj^aJi i^j— j <JUi]i . L ^-Js j ^£)i J^>«ii 

^^kw* i.L*Jl ^«JI j£J_> .Lj. l^p ^Li£> ^Jl 

t 4JUi)l J-La^J ^Jjl/ ^J-, .4,J_*- JjX^ 0*4 l^J cLaj^_j 

oUs> oli ^>y>^> oL-?- :(Rayons cosmiques) aJ^S" II 
J jj£ aj ^laJ : ( Jl ^)«Big Bang» ^^5" ^Uiijl _ 12 

oi^-jEJL; ^r— oU;wk>JI j-o : (Baryons) oU^jU - 13 



p-^r LgJL o yo «L5vL9 AaLwo o_b»-l j :(Parsec) lULm*jL - 14 

J_£J *_JL-^ ^ J^^^-i J*-?* c-^ 2 -^ • (^P C jL^-L;) 

4-^>vJ; tjjj-^J^AJ ^LviJl j_a : Positron jj^i»j^»j_15 

^ oUaJl ^jy j_» : (Distribution de Planck) ^}L> ^3jh- 17 
L^i <JU- :(Equilibre thermique) ^jl Oj\ja- 18 

^Jl (Ulji) L$*lyM y^L* i>.^. [(Frequence) 19 

i>-j_*Jl t&j-^ •Ctt—^J C*J^— ■""i J-*.? • oJL>-l j Alaij y£ 

. jjSOl c^ry yjPjPi <*a\>- : (Homogeneite) ^L^j 20 



WV 



JjJ^ J 1 jri * ~ •}> j£ ^} >*' ;lnfrarouge(A*Ji!) *l ^>J| c->-i - 21 

5^_-S3l oyj^l oU^^I jl^-I ^ : l_L«.^ aJjUu 

eJUb j^5J t4_jjjLj! olilkll <y . iJjVl oU~*~>J| ^ Sj^LwJl ol 

dL}jSj t«jj_£j^Jlj jjjjyJlS Olw- <_J_KfiJ ^y e-iaJl JP Jjjw> 

jl c^lp "U?-^ tLJU- ^iaj . olyj^iyJl LfJ ^JfcL-J ^yJl Cj">U-UJI ^ J^P 

oil-* I (^jjf ^ : (Interactions fortes) i.^J SJ^Lji^ c^l^L" - 23 
^p iJjjw ^ybj . *-JjVl ob~~>Jl a--.L-.VI *jyjVl iJ^L^JI ol 

J LgJ J^p V ioUjj-^JJ VI V Ay-ill ibLuJI ol^Jblj 

ajjJlJI ^yJl : (vr^y j') (Recombinaison) j>L>»Jl-28 

S.5j_^-j_* L-jjf ^j-ii w>L^ : (Isotropic) ^LwJl JlJLw"-25 
cjUU»JI ^y ">ULw> <yS>^ -U^l j JSO jJu j^Jl jl JjJj . j^SCJi 



Lfrilk., jJl U£J| olkJl y» : (Luminosite absolue ) jlk» - 26 

I( yyl SJ^U ^ ^SUi ^ 

^yjl i^KJi iJUaJl y* (Lumimosite apparente) ^j-aU? JU_ 27 
J_pj y* : (Transition de phase) j^kJl ( Jl&Jl jl) J y*J - 28 

^JiJl y* : (Tritium) {jAj- 29 

y ^LxJ CjC : (Constante de Boltzmann ) jLyJ^ _ 30 

«_>- J_x! aJ>j\ n ' \ ' X > , VA ' 1 ^jUj <^uJ . Kg jl K y. ^Jl SjLp 
. yds JSO cJy - jj y&l A1 W t yd£ 

*J*U>\ : (Constanle cosmologique) y>-j}j*-*j&\ c-jliJl- 31 

^iU Jl jl^JI IJla ^y . aJL£)I o^L^ Jl ^ w t >^j 

y. y . ^utji j j 4^ J ±r"^ : oys* - 32 

4_j yaJ> ^y j^*^>- <JUiJl Sy . G ^Lp J 

\\\ 



LJ : (Cons tan te de structure fine ) ^LLjjlJI 4 ..-Jl OjLJ _ 34 

.^ijfli (J^ ^ ^.jDi ^W^ 1 ^ ^j-L-i 

i.a y»*J>-; <-J J^j-j . ^ ^>L_>ui N ^JU- ^>j->«>» y»> C-jLiJl iJlftj . frj-^Ji 

. 4JU-Jj 

4_jLiS" jL^I j_a : (Corps noir) (. . .Jl £L*J-J) i^— I j>--35 
jJuij ^ AjQaJl isLiS" L^j) ^ 4 4j>-^<jl J ^kJ jL^a JS" ^y oU? 

oLw- ^ :(Particules nucleaires) ^ _ 36 

iilj ib£ dJ ( % 7r -^ : (Antiparticule) (^...>,->J) :>! ^ v .-r - 37 

L. 

j_a <oL*i»i jjjj£}y\ L«t .Ijl-SUj liL-itftJl j^Jjj-Jl jjJj^Jl ^LJl^j 
^l^i-Vl JU^I :(Mouvement propre) (5Jli) _ 38 



^^iaj ^y i^js^j^t L&l^- : (Liber te asymtotique ) ajj\ao 4*^-39 

jl J jJl ^jbjj) ; (Democratic nucleaire) : ±->jy 4-J9I yj-4-0 - 40 
t H 2 "Lou-* t ^j^jjJ-^JL) Jl-aJ j-jiaJ : (Deuterium) ^ jjj* _ 41 
5jl j->- L^ji ^ : Temperature critique *>-^>- Sjl i^jj _ 42 

.j^iaJl ,_y J j>*J U>JlP <1jA>xj 

.iUJl ^UJl ol^&l cA^iiS i>p ^UipVl J>JI 11* jlS" 

i^jj ^ : (Temperature de seuil) (p^^J) 5jl^ _ 44 

.(^ u vx<\,n»o)>- jis jLU ^Ji <i ,*v a tijL- ;j >ji 

jjjj LgJjJj Igilfc -la^jj ^y>^ (Cepheides) a/ .a. ^ _ 46 

. ^i^- Z jW?«jJJ \x$t c.o ...< . aIjw 4i%o La ^Ju* 

^ (-.ijEiij t CN ow? ^jU^S" ^5 ^ : (Cyanogene) j~>- _ 47 



1A1 



. jJL La J ^iio _5ij t 4^X0 iiOi |»l ^>-l : (Nebuleuses) ^JL» _ 48 

4_JL^ Uuai LJj^i oL«~~>JJ 4_^L^I iw=.L^ ; ( Spin) t ^ rr -_49 

Li ^1 J^L jl jjS^u M ^JLJliLJ! Jl bL=-,lj . (>> ^Ijj3 

1 1- ) ^^^> t a^a ] jf ( . . . t T t \) iJ — *J 4_>jI a 

. h c^U y ( . . . c > 1. 

Jjo \ jC$ L^Us> j UwLP P^ajl 4^-^* JA ^ j&j ^LoLJI oL~~>Jl 

, mc 2 LgJj50x iiU? 

Mj-srVl y >^v» : (Quasi - Stellaire) : ( . . * y>-) ^y^y O _ 51 

viUi tl-^ oj_ r w> ijljJI UoL*jI ^^SOj ^^rJ ^^fla^ l$J ^LSjuDI 
^—jLs jl t Quasars jljlS" UL>-I . j^-Vi UU Laiy*Jl ^JoJ 

Lwjii) ^j-^a Lp^ 3 J'Jh ^ -^j-s cJ Uxp ^uJ, 

t ^L-/ p-. — >■ U\]o ^yfc ; ( Energie de repos) j iili? _52 

. E= mc 2 ^jlJljI j jX~o 



> AT 



,a^j_JJ jJ\z* jjj-* jsi i*l — Jl j* :"*-*ry> 

^1 r ^JI h,^ J* jiU r > ^1 :*UJI ( VJJ jl) J,>-54 
oUjjjUL! (JKll j-Ull :(Nombre baryonique) ^Jjij^, i-**-55 

oliyJJ { J£>\ ;(Nombre leptonique) ^JyJ jop -56 

. (4J_^a>») J?li?*jl jjjUj ^a>o 
aJ^L^p ^j-? : (A mas de la vierge ) (. . . .Jl a-*^) *IjJLp-57 

LiP JLjCJ . *ljjL*JI "a^SjS XJ* <_£ yj LljM \ * * • JlP ^j-^J 

4_>^ia_JI ^ A_Jj_^iJl ^Ij^VL; : (Photon) jy^_j_58 

ob> aJ J^La ^>i> jU*^l : (Supernovac) Li^Jl Jj_5_59 

<iy jJjj . s-UuiJl *.b>*jl yL- ^J> tAjj^^l l^Jly I.ap U L^K 

J?*>Ulj j^jj-SJI ^^^JiiJI ^kfuj) jLS aJl>w ji o\£ ^ ^ -Lftj-i Uy 



y» j_a CnsA yjl\> J^t tj-ti\ hji^ J\ ^Jw- jl jJU ^^Jj 

^^^-$5" ^U-il : (Ultraviolet) (4-*jfll) iU^^Jl Jy-60 

. A^iVlj ^p^r*^' e^aJl ^-u UflL^j <L*J^I ojjfe 

jt ^U^o jjJli : (Conservation) iJj^a* j I ^>U^ I 0^15-61 

oU £J] Jjijl ^ : Jt*) Jljj j\mJ U£!l ^ 

^ « -IjJI ii^p ja : (Loi de Hubble) Jj* jjJti - 62 

(<J ^-rr^j-^ ^ jf) ^ L»-l«j j-jj oJ-aJI oly>Jt y«>) 

J) 4JIWI ^ ik.. Jl as^I y> : y^r - Jkh o jJL5 - 63 

Xj> ^JUl; u^JUJl IJL*j . i^j-Jl J> {^ry^ <-)>J 

. i>-^Jl J ^k! J\ Sjili ^ UiU i~Jzj» U\±a}\ 

jjjj yikll ttliS ^ v_—fciJl ^ y> : o^yly - <^ - 64 

^ LiU ylji jl k^jS iil^ ^1 ^ iili£)l_66 

. Sjl ^>JI A_^j-lJ jikjl ^^i^aJl UJlj t JuL>«Jl jLji <ki vr i^aJl 



N At 



rvr, \o jUUJi oLjj ^u; ^ ^ui ^j^Jf .L;.jlH ^ 

^ jUiil ^SU^ ^ iL5 yc^l ^_68 

4_^ii^ (aU>JI) <_^Jl ^ Ju^hu, t JUMjOI Jai^iJI SjJ JLp ^JUeJI 

. Mj ^ ysJL ^ il^ Jl jli, . UU; Ski ^ 
^j_5^i o-U- ti^Ul ^1 olw- ^ : Quarks olS'jl^S'-69 

• j 5 *"^ J-^h W^^*" '^^j ^ ^ 
ol jJLii! ^ ^ ol*~~>Jl ;(Leptons) oU^J . 70 

y y cJ^olxl^ : (Diagrammes de Feynman ) oUiili .lUU^ a _ 7] 
: (Duree cara cteristique d 'expansion) ^-j-d) Sjr^-Jl S-UJl - 72 

j>3i jJls jbj^ r ;^i ^jji w_Jj) o^Ji ^ j3 

.('/>•' 

jJl^J JLp ^ ^JJl ( j i x>c}\ : (Effet Doppler) ^ J yJ* _ 73 
t^l) LJLa: ikJ,_Jl ^j^Jl 4-*U ^ Galaxie 5^-^-74 

^ JUjL, 1^. : (Galaxie typique ) 5^ _ 75 



\i -j j_» : (Libre parcours moyen) : j-s»Jl — «Jl Ja— . 76 

0* ^jj-b ^L>>^ ^^^^L^ k-^^w*- 77 

dj . ^ jL_53 ( j^ULSo) ol ^Ij-SJl diJLCJl 
oNL^ 01 Ji5J> u-i^f ^UJl ^I^SOl 4 U ji^Jl p~~>J! 

ol^JUJl ^ iijLio oL^jJI y> <Jl^> : (Mesons) oUj^.78 

^ 4-_- U^l jjl ^Vi ^ : Messier (. . . f Uj) ^_«-81 
J > ^5 £UA| : ( . . . ^Uil) ^>^U - 82 



jl J j£J y ; ( principe cos mologique) ^ y*~* I JL-Jl - 83 

. ^y^LoJI ^pU^sj ^^-jUxLs j^5\jl 

j-a> : (Principe d' exclusion de Pauli) ^L^.»Vl ^Jj\j ]x r a - 84 
•u^j . LL*> j^ptJ^» ^ ^Jj\ p-~~?r :(Muon) jjjj^-85 

-U jt UL^>- j^iaj) aJ <JL5 *y ijpLf pr^r : (Neutrino) j^yy.86 
■ vc yijHy J^ 1 J* °" ^ry ■ (y) v ^y^ 1 . 

.4J *y (jjJi'jJ) ^jjj : (Neutron) 

l^lj ^'1 ^Ip ^ Uj> iJlfclJ : . 88 

. j^iLojJl _ ^yKJl J-/21JI pL^JV 4>^ ^j^. C~-J iJtiiJl jf 

^ U- <j»jS jL»^Jl j jLSCJJ Jj1j>- jj^a; ; iu?UJi 4~-JI - 89 



^>-r^ ^ — ' *s>j~> lfs< ^ ^ y6 oL»> ij^p^ 



oL ^Ja-J <-Jl*> : (Theories de jauge) a^oL«.Jt oL >; L; - 90 

CjLJoJ Oi 4>^! L-#jV ilJb- OL-Iji ^jk* jVl ^ Ji>J( 

_0l£Jl ^ Jl iUSi <y ojl'T >U cV-" J 

^ :(Theoriede r etat stationnaire) ijl aJUJI iJiJ - 91 

jt*^ ^ ^-r!^ 1 a? ■ Ji*-*J LfcjjJ* l^-^y^^ 

.ja$\ £-* \Jj\ jj_£JU (. . .jJLiJl ia^yu oU&l k-jl*) Jx-^JI ^l>Jl 
iiliSJi Jaii>J ■^-s^ y-T U*L* ►^^i S^UJLJ ^jl^o jJL>- JLe* Jj 

. jjSJl jj J'>^>- t^X*Ji> Jxw-jjl 

4— iJLJ ^^Ijj ^jj-«-> : (Modele deFriedmann) jUOjy ^jj_*J_92 
oU jjj ^SJj) ^UJi ^_JI J* cjj-O] <-JL.jJl _^l£Jl 

ibLiJl oIj-jLJI J J^U. :(Hadron) jj^U_93 

He 3 Jl i&jjSyj oay-oji c>* He " - 51 ^ : Jly^- tlljJii 

UA 



jjSo OH Ow> o_#l ja: (Hydroxyle)( . . . Oji}) j-V - 96 

J Juw ^ : (Parametre de decoration ) ^LJl y J*«Jl Ja~- j _ 97 

^ c_jli53l «lJu. l_4 j^f^J LJ»Ljj U-j_Ji oU-oL^aJI oJla 

t VT U&jOi — * ^t^> y> J JU>| <L^UJI SJUJi Ails 

^— Jl J^. ^ r> !l o*^ 

JL Jfc -l ^ ^a' .i (^JlJI j^jJl op tIJLft jJlpj . *j ^Jl ap^- c c~~>- 



x'/x = t'/t = i + - 

c 



£»^Vl ^-Jj vr^J e^Li] JS Lit jia U5) V_j -VJlJU-l 

) * * * (y> vy^ *' Jbcj i JliJl 

tU/j*5 V * * * • fj^JI ^ UJ^I lib . aJI^JI ^ ^ jLS 

i 000 km/sec 
^ = J + 3W0OOW^ = 



J^Jl 

j£\ R JL»-fc of jU jjl Sjj^ ^j^) R U^ki uU S / Jb^L) 
. (j^£U Sjjj^Jl abuVl ^ j^wlj ol^f^JI iUfUil oUL^Jl 



4kJP 
M- — P 

<»c>-j^J Sj^S" JS £*J>j iSLU 4 ijjiUJl ^y^-j 

ojj^JI A^iUJ! CoDy G j te _^~J1 *JcS ^ m ii~>- 

C = 6,67 X 10"' cm'/gm sec 1 

V=HR 

r = i mi'* - \ mH*F} 



E = U + T - [j //' — \ * P cj 

. bj&\ J">^ oli JJi; of v^Ji 
jli .iL*4* 4_~»5 Ijlj?- oJ^oiJI oliL^Jl J ^-r^ oLL» jV 

jt y i^>wJJ JL_> ">^j <, J-x^-w Ijlfcj tiJL- N 4~>-y U-b^j IS yJl iiUail 

.1^ a»UJI i*J jf J&i o-yJl ^1 

:i^yJl o^l iiUS" j^J jf tL 5>t SjU, jf 

4->JkSS J_;jo Jb- Jl L_*_^l^ Jj_SJI (i^^ jj-^J UJL-p i>JL? JiaJ l^Jt 

. c 2 Jp ia^JL. s^UU 

pc * 846,67 x 10-*cm'/gm sec 1 ) U.46 x 10 u km/a-lJ 

= 4,5 X 10- M gm/cm* 

r r" J 5 l> ^j- 1 * T,V ^ UU o-yJi 



jl ^fly-dJ . ^jJI j^SOl culk^j ^JlJ i^jLS" j^l ^jJJ jl JLj^J 

L_aJl>w U a j>ui ^ R(t) ^yJLf- t <u4>Jl)1 ^JiJ m L$ib5 5 

^4 ( _ r Jj ( w>j-Jl CoU OoLill IjLa) c^tf H(t) c-~>- 
c^UJl ^ E j&j A J 2~>jS}\ oUJl uL5p'(t)j ^(^j- 11 

_j^S <. R(t) 0 Uju* jjp p (t) jl j*, UJ Ul . ^^^Jl 
t yu- i Uxp I/R(t)^l>' i*^ JsVl JU -blji p(t) x R 2 (t) ,I^JI 
Lli E Jlij ^ .R oUJl ^ USU ^wLi iil£Jl jVi>-dlj*J R(t) 
LjJ o^l. ^jJ-jw *«i j.: k .. « jiJl ^ Li ^-r^i «j' 

. R(t) 0 Ujcp 

iJl-A C-jIj ^j^JLa ^lJ^L^j ^ j^Jl a^*-<dl oJUJI cJl£ UJj 



u& ^J^ 1 j-s* 3 ^y*J '(^-j^ ^ ^ texp) 

Ljj U5) JjVl 4jj — II Jup iibS - cJlS" t JLUJI J~~- JLe 

3Jw«i ( ,< r ~*SCJi j-^r — SI Js> ^\j-t> jLJu r,A ^ t( ( j^>»UJi J— <aiJI ^ 

dJUi J» lil cJlS" ^^Jl 

'"^ '" = V ^-U7"l(Fg^TiVi.6.67 x 10 «cm s /V/nscc») = °' 022sccondc 

iKJI aU5 c^lls: lil . R(t) ^ p (t) oU^)l jjcs jVl 
Sl^^Jl ihS3l jls t (iiUl S^L- j-^ap) AijjJI ot^^Jl a!5 LgJ 



\ ^JL_p £• A-^ks* R(t) L*Jai ^Jualj j^jJl ^ 
I JJLP ijI3-L5j) oL> ^ULj ^jiJj tOjSJl o^>-j^JI AjjjJI 

-j- p(/)<R(/) s = Constante c^U 

. R 1 (t) £. USU- JL-ts, -P(0 

JSLDl UL^f R 3 (t) ojjj Oij) .(£. iw-l^. ^ oc 

.(U^ J> VjR(t) 3 

AiLJ^iU c R(t) ^ U£p iu-ts, Sjlj^Jl o->> ^ .SjlyJI irjJJ 

. R 4 (t) p LS* <^[^> is jlp p (t) 

jT ^y (^UJiVl o^LJI S^L-*) ^JUJl i>JU» y> (j^^J 

p(/)« [i /*(/)]- 



^UJiVl S^U- iJU- ^y t 



— n 



. R(t)^ 0 1.x* L/R 3 (t) julj; 
: A-j>-j> o <p 0j& J-^ o j->L* 



: ^ p(t) Wo, H(t) ^ ^ jf t^^-j 
2 /Ti_^ L. I 

j- 1 -**^ L~£p iw^Luu ^jJI oU n i+J ^ <o1 a>J IASCaj 

P - 1.22 x JO a *[n- K)]« gm/cni' 

0 k ^ t (t ^>JUI >Jt) jLv^-> . jU^ OjjLS dUij 

* V 8-(fi,67 x 10- cm'/gm sec; 

x f- 2=^= - _ == ^ === 1 

L\/l.22 x 10 « y 10" Km/cm 1 \/t,22 x 10'" X I0 6 " gm/cm 3 J 
=. 1,9(1 x 10* sec »0,0(^;inn«c OJ. — ■) 

. <JU ^^u* sec j pljp ^ gm j r ^ ^-x: c m 3 ^L~>- 



«y Pl=p 



"V 



OJLS ">LJU iiT* 1 • o-jjJl JL*j .(^yil 5JL» JJu" texp^^) 

p = 1,22 X !0- 3i X [3.000] J gm/cm 3 =9,9 X 10-"gm/cm J 
ii A ^ Sjl^Jl ^-jJ OJLS" iiliSOl ^ U>- <^>\ 

i jo* 1m j> ij\j>- i^-jj ^ j ^^ju ,(^» jt v v jf 

^ (tgbuili n=4 jt ^lyil ^) jf ^ i)T". JL^p J| 



3 



2V 8t(6,67 X lO-'cm^gmscOi^x lO-^gm/cm 3 ) 
= 2.1 x I0 U sec - 680.000 annee 



1 ' "oUl ^ 



«i Jit *JlJI t &»J J5 J ^ i J\£}\ .UiJl J l^J,f L5> 
iT— > 0 Ujulp JsVt JL*w ^^aiLj" ^ Jif if>j~ j ^^bi R(t) jf j^l 



i^-Vl p^Jl ^U-iJ_ i jxi. 
p>^J| 5JU>-ij J j^^pJ du iiU? vii^ ^j^J LJa*j 

A +d\ > A 



'CoUl y> e ^(U/^r ) i^aJl ap^t- C££/**j\ ""VXI.TA 

.APjt TV -Vx*i,^Yo 4i*J col* h ?Y,VUU ^jj-JI ^JOJI 

*j^Jl Jb^ e\*^/,j-^ di ^ U l>J 

•rr** ^ J ***** ^ J*» - JWj IJuj 

. yi|S V JUL ^Vi p^IJ 

5jl^ o^a J^f ^) J du jf Ji^Jl ^ 

X = 0,2014052 hejkT 

: ^ a^Vl j^Jl £U-M 4i IU U£JI aisfllj 



« = l5{kc y = 7,56464 x 10" [7\° K-)]' erg/cm* 

. oU^S^l^f frj^aJl Lolas' oljL»u aJj^_^j ^11)% ^jjj J j}j of <j£-»iJ 

:j^«.jJL ^J**^ £>U* J-*-^ Ojjj* JSCs 

:^ly* X+dX,X ^ j^va>~» A>-^J I JjLJ 

rfu 8« / (m) 

Ar • = y rftf =60.42198^J = 20,28[7-(° *)]' pholons/mc» 
£ moy = ujN = 3.73 x I0-"l7"(o K)] ergs 

:(AflUaJl L^yu Emoy 

of ^jJcS .^jpi djS J a]L>* jjk; ^jlJ 

.1=2 bjSs dj&\ jjJ ^U; 131 *Jui .f J*l»~ jsisj o^JI 

o^il joi ^ cApfjJ\ Jl>l jJ*it Jbll Laijl J bjj U 

X=fX : 

X +dX,X JUJbJI JU>~J! J du* JsUaJl iiltf t -^1 Ju^j 

X+dX cX JU>«Jl J du UUI iilkJl iiltf JJ( ijAJU j»1j_JI 

jj LJLUj f 3 J*U^ **>o- ^i; ^ f J*U^ j ^J! jji ^JJ ul - ) 



. 1/f 3 J*Uw 

(jji^jf J^i? ^* iw-b^a j^y J5 4iU? _ Y 

: JUJLj 1/f 4^ ^ 1/f J L,^, 

X i>-jUJ JuJUfJl J^kJi <JVju j^jjl IJL* Lj5 liU 

du' = -^rr rfx' / [e — H 
Ijlp L» du Jajw <^JUl |»jJuJI jji^JdJ UU; J^Uau. jji^JlJ! lift tj&j 

T = T /f : SJuJl?- l^JL^ cJj» T Sjl ^>Ji *>-js jf 

^"J a tl^J ttlLJ% Li^^i 



4iLkJU 4 p ,^11 £_* ^Ui- ^ aJl>-IjlJI iSlkJlj 

W - pr 3 : Vj^ 1 <>« S^ 1 ^ 

lots' ISI clil i*Jb« 0! ^ JUiJ! 



j oUJl J^Ij-jJI <-iJ^ JUj) bl jl jSUj ^jLiiSI £<^l -kj-^* 

p ~ ^ c* p = 0,3 gm/cm sec* 

_ / 0,3 gm/cm sec 1 \»/» / I y 

' _ \6,67 x I0~» cm J /gm sec' J 1,9,9 x 10"" gm/cm' J 
= 9,7 x !0 sl gm = 5 X 10 :, A/ o 

^ ^j-Ji; Lj>^» : iJ^LiUJ) . 0 — <JJI <b5 ^ Mo 

: y~>- aJu5 ci y g ' ' ^ ^ * v-jj iaJwaJl 

A/j = (10- , ) , '' , X 5 X 10" M 0 = 1,6 X 10" A/q 



ujljjJI 6fuU»iiU (^j >Jt) jlW) «JK)I wJI JkJ 



oi ,..„>JI ^jlxiJl :>JL_*JI ybN^-C^>- S cc NtT 1 L^j ^.Li ^/ 4J0 

S/t» a. N T T*R* ~ Conslante ^ L ^ 

:oL5 ^LiJl oU~>Jl J£H ^JbJi ol caJjVI oL~~>JI 

. N avant = 1 + 2 = _LL 
2 2 



. (^Uxil JJ iJLxJl ^^JJ N avant) o 
5_jj^JI J*>Lj>- cjUj^jJjJIj oUj^iS^JVl (^y^j t^UUJL 

o....>Jl fA/i JUiJ! iJL^Jt olSj coLy^ll ^ ^IjlpL ^I^JI 



j W w »l = 2(r*)V*. 



: J*U~ TR viJl oil j Ji 



— . ^"LiJl *]U>J J_£ ^ TvR 

,_, T . (r/?).p fto /ny 
j^J! ^ i/v JUL^i t Y/V y> Ljj US' ^jijJA J^iJl ^1 

0,4542 

bl 4jf ^ (^JUJI J^iJl Jul) <jUjd^ 6Li~- 6>U ^SGj 

. ^ lpU> 6U T ^ oUy^l sj ^ cJlS 

« T = 7,5641 x 10-" erg/cm 1 X r7pK)]« 
u = I/, + ii T = l,4542u Y = 1,100 x 10-" crg/cm 4 t7{° K)]« 

I**—* oL »JU iJUaJl SJil£JI aJc£J! J>J of ( ^SUjj 

;J^i ap^ 

p = u/c* - 1,22 X 10-** gm/cm' X [7{° K)]* 



«v ^ 7/_4\V 



TO 



o Jl> p»JU; y Basic Books ^_JLJI jb J 

.oljjkJI oa^f jij «JjVl jsUjJU SJbJbJI iUJI 

^ USUI 4_JiJl ^ t mo ^ jdl iL*L*i>l LiUJl 

^Ulj jj^-f ( ^j r 4JtU»f ^JJI ^ ^J^iJl ^jl ^»JI 

l«j . 4_>-ji r * * • < v* * * * * _j j jjij ^ cJis - 

^jjx* ^^Jl CJU jS\ i^toJl iaJU jL Uuj ilfcp^l Jlj 

^1 iJ^JJl olj-iiil «-J-» oLsol ^ |»JLiJi \1a jL- Jl*s» ^Jl JI>l» ^flj 

i^lji ip 4_JjVl oU...,..>Ji i..^ L^j c^f jJI SjbJL»Jl tL^Vl 

i^ja cJl^ ^1 oU^JJl ^JUj ^1 t 0jXU Ijl^t s^SLJt oti^JJl 

3 ^laJ *Ua-p( iJUuJl oJL> ^ J jU-L- ^Ui3. l?JJ-^' J— 



pL? £y-J>j j^/l ( y>- JL=^j_j V <if VI tlj-J>- l JT J3i}\ ^Ij^Vl XP ^— 5T 

j>u ^jl^ jUiJ L^f ^ l«j ^ L. VI c-J v>U-i>l UliJI jl 

Berkeley J5j-^ Jky lt^' J L^jVl ^-k ^1 ^-^r i^i—j^ 

11* JJUJI ^ jlj tol^fJI ,y ^jlp i3U Of tU2 Y y _ SyU*, 

iUJ^I ^ j>- <y ^Ukllj t 4J ilr*^' ci-^' •UJVl J fU-i)J! 
£• j>U 1*1 <y 4 ... .«.t.H o^kjuJl LpIj Li liU .< >J 4> Ujt ^JJI 

4>Lui>1 4UJLkiJ v-JL jlkJ L^JLS" jU g^i~J LU tSj^J' ^JJ> 
olj->r>» oL-Jl ^y L , ^3; jf S^Lj Lf/ ^5 £ * • JI_?><j jJLJi; ^ 

-L-j ^iJl ot^j^Jl jp 5jiLa3l oLpU-iVI ^LjjiV 4_j>v^uJl 4*-ljjJl 
^IjJuJI 6 Uo1 ^ 01 Jl Jj*f ^ oWijiVl «JLa Ob tJ -^Vl 

£-9^-^ ^ >^ LJ ^jii of * >«j 015 L5 4 jj^U^Jl eUoVl L^i« 

. L*/^ i * * J V*' * ^ ^j'ji" ap^t-j ^IjJ^Jl <aj$ j\ 



* \ 



5- ^1 C/f* V o- jf ^ ^ u»j 

oJL^i oly— o-U) Ji t^L^J iwU- G. de Vaucouleurs jjJjSy 
Ljjf -jjl jJL^j .5^1 S>*~Jl ij^Jl oU-^pJl oi>-f ^1 i Jr ^\ 
4_pUJ.NI i-iUJl j>~\^» <y JiUiJl »JU) QvaJ ^iUj Jl* 

^ i^-Ip Jjljl-J of ^_-s>» L*j» j-jS"! ^Lo «»^>j-> ^—-^ tj* 

* J _JJ ^SUj IJiSUj , 4-^*a' b^>** y 

- o» jJj «l)t ^ J_j* c-jC jt J* i}^z^ i d\ 

-el t s^Ji ijj^Ji v^J! ^ ^ t-j^: ^y-f i3Uj 

<p^- b^>*^ ^ij*-^ 
•u-^j tt v r k_uil J ^y^j^ -JM^ o* Vcra Rubin ^jj 



4_JU JkJ ^ ^P-^L; £y-Jl oJLa jl J, t 4 UaJI Aj j-S" ^Jl jkLJl 
Jju Uli IJla jtj . L^U jlS^l Jfej jSjJI ^ UJUil 

5«-LJlJ| 4_jP-jL>Jl JjjJ-Vl J cJ>L<Jl ^ ^J-^J J-^ 

Lf \ ^ t j^l J JoLJl ^LiS3 iJL>Jl oly_JL^J! J^fj .ol^JI 
iiL^UJ ajjL^) 4*kS3l iiliS^I jl J^>*j J-> . ^.j^Jl <sLSjN 

. l^ji jS\ f Jj- j\ 4*~j*l\ 



^t) oLj^jjLJI isU^ - JU- (j^l bjJi>- Li«l«f ^jj^JjaJI ayj oU*L5 
^JL5 US *jf t /JLJ dJUj ^ l-.,..JIj .(. . .oUjy^Jlj 
Lit iJL* cJtf L^T JLp aNj dUi jl5 t UU- iJU oli^UI 

J-^JLj <-Jb J-lP t^rj- 3 j j-J^ <— ^' Jj Sjl jpJl i>-ji cJL^j t j s >- ^y^a^ 

oij J oi^-l -Li oJl5 oUj yj->j oUj-Jj ^> ^ ^ -.l^l l fjj 

Syj ij^-j ^ Oaj-J, U jl ^ . fjijij-dl J5I JUL; 4 j&f 

JU UL>- 5jj_>-^J| 4A1&I 4iU£ jf JU Jjb tpj^yjjJl J L— J a ^,^5 

i.aj'iAJl 4_3-y»JI 4_;^Ji 4.Ll^> i-^J ^JLjCj N 4 Ol!_j_j jLi J_SLi 

. j j&\ 

I dj£\\ 5iL« iiUS" liU t U^>l j ajjU- ^Ut L^w?! IJ^jbj 

?(i^uJl) jjS3l SjU jj^J 

olA ^>-j Jl pL*^l ^ Jbj_^ viUJJj 

jL ixLp jL5 c c$ Jw U-4# .4^5 oli olj^y^ JSLi JU SijiiJl 



<aJa*}\j .j^jj^S U to iitA jf Jo: SjLil ^f j^-j SXJip oly-J 
S^-1p ty>r j* J3T ^ jJJyjJJI to jt A_S>_ U *JU jtS «d 

JU> JJNJJI j-fr ofjb JLis j^l U . Uj>£1>1 to ^ .y>r 

d^j^j^jJ J Vj L^iil ^J^i o^Jit SI -j^^j-iJ to ij^rj 
^XSJh oLIj^J^I iiUf {^3-^ ^rW-y^ Novosibirsk 

to 4} dKiOl IJu ^ ^*~Jl (iUJ! >^>JI ^) >^>JI j\S 
jf toJl ojU aJL^ jj^j j^Lo U»j) cJy djj&l t * jf \ 4 -^jU; 

u t oijU^i ^ fJ >Jb .(o3> jj^i ojj&y\ to 

Ji j^L> jf Aiji i[ . iiOiJi frb^il ij—Jl; eJj-- 3 * i*~£Jl 9 -*-* <-^r^ 
jf dj-jjj> J-S" ->Lo* j-^jyjJj j~>j>y *-iNT OjJ^-j j^- 0 ^ 

jf ^ t ^5f y jj^JM ' ^ ^ 01 U hij . 

<_a^f . £>jS3i to w£) ^1 ajjii ^ *j>4i oU^Ji N oi^jJi 

^ix ^1 iJUiJl ^ ci^ii! ^i^j V to3i ofj ol^jJI jf JJUi Jl 
U^U- 1jl>- liJ^ oi r^ 51 f 1 l/b ol y^ 51 <>• 

Ail ?to jf LJJLi-l jJ UJ ^D! 



ijlildi U*U i^JJI J*» : ^AV iJbJI _r ol*JI f >JI iU^ ^Ij (^) 



o^LS oiJij cib^ ^L, yt_^yS\ CjSj of x N Jli of oUl cj^- 

J* Os*-ll J] ^"^r- ti^l iUJl^,^ ^^JLi! jjuJI of ^ ^ ^ + 

oj_& ji ju N JL'j^ ^ >Jy>d3 otf bl JiJ .^j* N tyjk* 
J^JIp j-j^l ^SUj . tj^l ^ L*3b Jif 4_j5 ^ *b 4 f ^ 

^ ^Jl oV «, jLLJI oii 4 ^iS3l ^ ^ Usai jjjU 

^ ^* -V^: *if lS^ 1 y^ 1 • 4 ~sr"- V 1 ^ ^ ybUiJl 

u^i 4 — * JiJjU xuJl of jj* li*,) ^^-SUJl jf t U£ll 

i^l J>~Ul ^juJI oL5 bl t dUU .(^>JUI ^Jl J^U^I fju. ^ 

ol ^1^1 ^ -b V oLS" di^5 ^Lj" ^ ^1 t iJL>^w» 

^51 jl^ jt Ja^p ^su, ^ S] ^jtp 



dj£j of >*j ISLJU t jUxo ^-^p ^yj^Jl ^JL_«Ji jlS" ISI :J<.L«iJ of 

iJilii^ lii J ^JUJl J\ LL jl ^J^- ^j-flS J^Li, UUa* 

ULj>- »^>-j_JI oL*-— i>L«JI cJl? I SI 4J1 JSJ <u)| J-^ Li 
SJl^JI J»L*ftl ^ .iJjVl ol «,.->JI ^ ibUuJl ol^jUl ^>J J 

jl SI tLJlit U**»w» ^>JUI JiLUJ^I fjL-a j^£; iSJLJtf l UiL* 4Sj ycJl 
-Ly.^jJI Ol o....>Jl ei* cl3>^ $ *JUJ1 <J»U*jV 

L^JL^L^I jl L£ ^(*Jj4~> I je'S ^[j) iJbr iL* jj_SJ jf l^jkj 

JL 4 ^f) j^Vi li* ^-b Uj <W» j/J jl u-^u JyOJi iJbJI ,tU*J^ 

^jfa jf ^_Ja^J t^^J ^l—f j^l bjjJ l-XSUj . (i-jyJI oU^v^JI 

Jljc>j A-kU>Jl j^lij .AiLP^M IJlP tw-J^^J jl hj"^. V 

ibS" A-J ^» ^ ^Jl ^>L*53l jj_£ jf ISLJ (Ij^i^ Jjr^' i-^l 

iirUb £jLj j^i ^^Jdl lJUh JL^ L» c J^jjUI jJbJl J?U>^I 

Jl iJUi^L;) oUjjJyJlj oUjJj^-Jl y> J53I iJjJl jJ> J J 



. Renormnlisablc <a^, 



J^b dL5^5 oL ^IjJI ^b SlU o^U I4I ^ of 

y> jj-fj^JJ ^j-^jUI jJuJl of ^JJi) JJl&dl ^ oU^jjJl ^ (^JJI y> 
. oU*D yUiJl SjLJI jl yfc-l ^-i: liSOh j . (yL^ cULSCiiJI 

^ j.jS'f t^jj-Jl oU....*>ll o-Lft ^JbS" oIj ^y> jXi ol LlJL*- lO^jj-JI 
oJ—lJ jJLJj^i iilS" oJUj . o j-^j^l ^j- 4 ij-* OjJUJl o j-JU < - ^L?- > 
J^Uo ol Lit J| >JL. -LL--I of VI 4 <]^U. ^ IpUw 
of ^ - js-S^Jl Jk-^-yJl oL.^ j^JI oLt^^l i^yS i)Uj l 
V«JLj Ijl^ 4-*^ 1 o ^ jl (. jJuJl iJLft ^JL; jJI JiS3l 0 ^ 
tl^JJ i^lj *>jjj\j »a>^J| olN^Jl J ^jW^" 0^1 Ugj dJU jjj . •Ljj-iJU 
JuJbJlj *Uil^ lijiUil il^Jl ^ (^JjJj^b) ^jjj^ tjaj ^j* 



\? ^aJ*S\ Ja£\ jj Andre Sakharov<^i>jU-lj o^xf olSj 
M. Ijj^J-j-. L_-jy Ju« tilJi ^y <. > ^ 1 V ^Ip ^y oLLoJl ai^J 
^ j^^iaJ! ^ Jjj^Jijj Jjo t^»li ^ . >^VA Yoshimura 
CERN ^jjjJl *Ju>tJJ ^jjjVl j-5^_Jlj ^jj_AiLiv-j jjUjLftj j^ju-Jj-* 

j\ toUjjjLJi jJjii ojj~<* »s**i twjjIj oJL>4 IJl^aj . Sj^aJI 



Jb»J j? US') ..Scientific American il>^i W\\ »U jl^d>»- J-**- ^ Sj^-li-Jl 



iJ^Lo^Jl J j^J of ^JiLuJl A-Jl^txi L>r SUj ti-jJlj t^xjl Jp Ljf 

oVL>- ^ilSUs of ol a J^J tl ^_ iiJLp^oUyJJlj) oU^jUl 

^aJl c^*^ js* t>^' <yl*^ i>JijV JJL*« ^ O^o 

5jUI faLJl ^ fUl ^JiUJI jjL-i ^KiJl iJLp cJtf bl .viLiS 

JL^-f dJ^i: jJ>uJl ^j-ijUl ^JUiJl of i--*o JLSJL** iS^UlJI 

jJj_l*Jl 4J ( _ r 5'U^Jlj (JjL ^ Ul ^yjjjLJl jJbJl t oLw — >Jl aJL_A 

ot mi J '^.j^l > of .J jUlJi ^-^Ji 

i-J of UL*j fclj^. ^ULftUI IJu of ^ k 3jUJl SjUIj SjUI ^ 
Lit ^ t JjVl Oj^l ollju J i>JtJl oUy>Jl Jl oU^jUl 

4_~J ^ oUjJ^/ oLijjjLi 4 . "II oV <*)Ui AaSIj oJL*J .S^-Jw? 

Of . 0 yji 0 ail ^ ^li* «^>-lj <^JiJ^ 0** 'J**J "js"-"* 

i^x] of jS^j ^ dUJJ tL^Ja) V? Lij^J N cSJLS^ c — J 4 v-JI oJl* 

^ o^r Ji i^JLS" OlJb-^l oOjb of >J! ^ oU t JU JS" J^j 

. * * 

0 j-Ju» v-aiVl Ajj— - ^ ojl ^>Jl 4_j>-jJ CJlS" L»XP <_$l ti-A^- IJb>- cJj 

Jl^Lj ofjb Jlj ^ j^-f a_4U olJu>-i iiL* cJl5j . l>rj* 0_?*i» 



jj^L* j ^-yl<> <_«Jf ^1 Sjl yJl cJay* U-Up iL-J ! y-k* o-l>- 

JjjJ jt dUi ^ ^Xf cJj J jJ jtf j>Ji J y^T JUJI 
JjLxJl ^txJl ^J^^S^Ij a^LuJI ol^JlJl Jaijj ^Ul 

t t-UJl JUj*J JU- y& ULt» t « JjVl <J j^J( )) ^y j jiaii JLiol jj£> jf 

lj\j^>\ o-j^ Ja^" ^ JbJb- J jUAlJ! ial^Jl Jb- y* UL» 

uXlaJ J-^-ij oLJl JL*- JjuI i_i>^kll oi-^j . 4*ry>- <^ j_p L* J\ 

o^U^I jL ^yi/ jl_5 j>LJl Jj . Sjly- jUa; jt j (^y^j^o;) 
J—^- <y A. Guth OjJ> Jl_-«JI jSCJj ,4_^L^JI 3jI j-^JI ^ iLU 

*-UJl £-J?3 <~>t Jl-J-Up L^jwsj jf (j^-oj wlia>»Jl J^ 3 -^' jr°^^ jr* 

4 Jb^i -icy Syi t S yiJ\ ««La jl . -Ubr Jl jV t ^ t J-v cJj 

r ^ ^( j\ iJ\X^\ ciV .U^l jj^ii 



oJlj JpUu i-rtfl iyuJUl ^UU^VI UUJI liU ^ of 

Ijg^* jL-ji j^-j t^r^! -IpLw> J»Ui L-JL f-U^^I 

. Otf U44 fU jJl^- ^1 Mijl 0 JiA ^JL. 01 jjfc ^ 

^JaOJl olwL^jj . l^JLUi 0^ Oji - ^jH>- jf JU-^ - ^jjJ»-» 

O^i ^j-* Lftj^j ^ y±\ Ji OU" toJU t _ r ~J*UX<Jl 

G.t pli ^jjl J^mJI jSOj . P. A.M. Dinic iil^i . ^ J 

^» ^^^^LiJ! ^Jbill olx^j Of <Ui £Ay~> i£jM y> cHooft 

tijLijLjb ^ J. Prcskill J-^w-^j . ^ <_J JOu L+Jj . aJ/VI oL^^Jl 
^ (Ji lA^J — " ->L»«jNI ^ Zcldovich ^ij-Ujjj Khlopov Oj_ijJU-j 
4-^1 jjJp JUj! ojJjJ jJ L^f _b N ^>L-JlJ| ^J^l oIj^-j 
fj-Jl JUJf ^l*J! oi vj^y ^ijupL ojjy l^Lj t |jb- ^sai 
Oi Guth jUif U5 jjUJl ^ t O>*jJU*Ui. r ^ w if 
*Ltf ^ 0^1 l-br ooi^ ji olJ^-j oU5 

SytLt L^f ^ ,0^JI ^ iUJUl ^1 ^ Of Jj^l 



Sjl ^«JL> ii jf IJlaj . (fj-ivs» AV ojL-j ^jUj JLp-1 j ^f) 

4l> djS3l JJ* \'AJ oH Jb^ %^ jl>J ^ . T V 0J ^ 

4*>LJ frUwJi j_>o Ujl—^ajl LJU>~ lLUJU . JlJLpj ol ^>^o 



^. / 1 / 1 JU^O 
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